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A B C Car Lighting Course: 


Lesson No, 41, Gould Simplex System. 
Lesson No. 42, Gould Simplex System. 
Lesson No. 43, Gould Simplex System. 
ate No. 44, Gould Lamp Regula- 
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Reeteraran an ar Midanhesiee see eul 8 cic. ois 
Lesson No. 52, Stone-Franklin Car 
Lighting System (is0. dee. sims ence es 
Lesson No. 53, Stone-Franklin Car 
Lighting System! Axcrie ee aeeeces occ 
esson, No, 54, Stone-Franklin Car 
citing a SyStemuenr. = ee cneore cine 
esson No. 55, The Stone-Franklin 

Car Lighting Systems ..5 0 eatetne.s ae 
Lesson No. 56, U. S. L. Type C Panel. 

AY TE. EB. annual convention............» 
Accident prevention, Illumination and...... 


ce ew eee eee eee ee 


Ob) B.Wae Rie! 0) .eteite/e |e far Vifekwib:-6)b 06sec, #2 16:08 % 6 6 


American Railway Association meeting..... 
PAM CEO ES ieee Seo ra ress, romain che waaclens 6 coc Bielinin 5,3 
Ampere hour meter, The.......... Dis Aes 


eC ee ee ee ee 


Micncle ae Be eG eee 377*, 
Anti-friction bearings, Counting the cost of 
Anti-friction bearings for motor equipment 
(see Assn. Ry. Elec. Engineers. Com- 
mittee reports). 
Anti-friction bearings for motors, by H. N. 
PURCLTED CELeM ce gs o clin olstene sha 3s bias wictocerS egeyeat = 
Anti-friction bearings for shop motors. 253§, 
Anti-friction bearings in axle generator serv- 
SEEMED Yee vite © SOA M bale cin Nelo esie és, 407§, 
Anti-friction bearings in car lighting genera- 
RAYE Se cr atedetolarey serrata ti oxoms 3,0 Fis Rn eke é ayaisisin © We 6.8 
Anti-friction bearings in electric locomo- 
RIVER UD OATH min HATE f0.crtics-catuciees 
Application of anti-friction bearings........ 
Are welded cutting tools 
Arc welding, Electric 
Arc welding for steam 
SLAG. ciel 3 Rich hoo EIR et Be eR nea 5648, 
Arc welding resistance. Handy ........... 
Arenberg, A. L. and D. Woodhead, Illumi- 
mation or. Ptilimean catsy... see bc selec cee 
Argentine railway extension 
MatBAtLe hand (PLEss: «ae sie cele w 4 Sinaloa esi 
Armature puller, Pyle 
Armature, Truing car lighting 
Arresters, Maintenance of lighting......... 
Association, New York Car Lighting, 
247, 277, 300, 
Association of Railway Electrical Engineers, 
MimenwOric OF ENG cuccndernsttipfestalaes)s «cts ene 
Association of Railway Electrical Engineers: 


Constitutional amendments ........... 
Semi-annual conventions, 1915 and 
TOT Gordes ietecreic aised eens cs 1; 44, 373, 
Committee reports at semi-annual con- 
ventions, 1915 and 1916.......%., 44, 
Eighth annual convention...... Soe aes 
Ninth annual convention.......... 496, 
Report of discussion at eighth annual 
QUA VEN UO MMe ers oaiacieienec csc oie cations 
Report of discussion at ninth annual 
efi a gst ha tap ne eos Aine a eee aren Ae 
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244* 
274* 
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362* 
397* 
433* 
461* 


524* 
583* 


38* 
254§ 


542 


*Illustrated article. 


VOLUME -VII 


Manufacturers’ exhibits at eighth an- 
ial MCONVENtOIl Erste csciices + hater 
Manufacturers’ exhibits at ninth an- 
Ey Cink Ghanccodds emis ten 
Committee reports: 
Committee on Car Lighting Hand 
OO get cre tere cect wanna icv iadian: 511), 
Committee on Car Wiring Specifica- 
BLOTS Sr orate derclelsherey vast stewsresites) Mistarnsc 46, 136, 
Committee on Compressed Air Genera- 
ELON, Si iecaveker ale lensneceevokshet « aiemeaa avers 44, 141, 


Committee on Data and Information, 
124, 374, 412, 497, 
Committee to Establish Sizes of Ball or 
Roller Bearings for Motor Equip- 
METI U Hee te rarekc eats) coer tes 373, 412, 496, 
Committee on Illumination, 
138, 371, 496, 519, 
Committee on Industrial Trucks, 
; 46, 135, 
Committee on Locomotive Headlights, 
497, 
Committee on Loose Leaf Binders for 
Filing Specifications and to keep 
Specifications and Standards to date, 


. : 123, 496, 
Committee on Metal Conduit Specifica- 
UICIIS (5c spetehsce rs eh coe -etenenevaisinle oe 163, 497, 


Committee on Reciprocal Relations..123, 
Committee on Shop Practice, 

144, 372, 411, 
Sub-Committee “A”? on Compressed Air 


and: Its) Application.«. 2.5... . Sano Oils, 
Sub-Committee ‘‘B’’ on Electric Weld- 
TIT Pls ctn, svelevenraebere.e dreds 372, 441, 501, 
Sub-Committee “C’? on Maintenance 
an doeRehalesnss ose 373, 411, 506, 


Committee on Standardization ef Crane, 
Turntable and Transfer Table Mo- 
HOLS see 44, 121§, 139, 374, 412, 496, 
Committee’ on Standards: .. lan «cso ¢ 44, 
Committee on Train Lighting Equip- 
ment and Practice..... 375, 412, 511, 
Sub-Committee “A” on Standardization 
Ot axle WGeneratOr Sinn wa, cay oe etnies 
Sub-Committee “B” on Head End Prac- 
UUCO Ly se auatetsy o elisubi weal ele ax wisiays 
Committee for Rating Train Lighting 
IGE ieces. “oltsoradiriciracinet stom Corte ene i 
Committee on Wire Crossings Specifica- 
CUONS Re tacretaen otek Gi caterers wr onan 44, 
Committee on Wire Specifications. .127, 
Axle generator equipment for head-end 
tain: Hplitirre Pereteac sr facie sea cect oa tes 
Axle generator, New body-hung stspension. 
Axle generators (see Assn. Ry. Elec. Engrs. 
Cemmittee reports). 
Axle generators, Cutting in speed for...... 
Aste chead-end (system os oss 2i1¢e00sen x enen 
Axle machine jack, Handy 


B 


Babcock, A. H. Southern Pacific six volt 

electric headlight equipment 
Raggage car lighting tests. Penn. R. R.... 
Ball bearings, Equipping old generators with 
Ball bearings for car lighting generators... 
Ball bearings for consolidated type A axle 

generator 


Dec CROC reaci SOLNONCIOECEG ROI NCCE CMCR Curie Cuc 


Ball bearings for motors and generators, 
OP et ety DE men etckoictelarneas vera sors raeusearey orate ep 
Ball or Roller Bearings for Motor Fquip- 
ment (see Assn. of Ry. Elec. Engrs. 


Committee reports). 
Baltimore & Ohio, Electric train lighting 
with headlight generators ......:...5-.5. 
Batchelder, A. F. Mechanical Design of 
Elect8iG, QUGGOMOtIviEs!, 2.2% Meu cc ete wes oe 
Zatteries in car lighting service, Mainte- 
nance of lead storage, by Ernest Lunn... 


Batteries, Overhauling lead storage........ 
Batteries, Paint sprayer for painting....... 
Battery charging, Rotary converters for 


battery charging and discharging at the 
Same. tiempo cea cle eile eos cuslens oie 
Battery connection, Emergency 
Battery connector, Prevent corrosion of.... 
Rattery crate on car lighting batteries, Re- 
newing 
Battery, Edison storage, in railway car 
Melting Py tle: bls SMU tH. os. ss oc ccehs: exci 


jNon-illustrated notes. 


Valtsi2. 
44423 


REMOTE STORAGE 


300 


tCommunications, 


Battery flushing cart, Air pressure......... 
Battery flushing, Distilled water for........ 
Battery) flushing voutitt. «<2. .aes> ests ash 
Battery enouse, G, (6 We le Re Ree ee 
Battery, Improved method of mounting 

Screwetopudtcys cell holder eqceeme see henn 
Battery in the world, Largest central sta- 

CUOIN GL Meroe ishetere tare orvwlaintenal player ekeieycpemctere rete tailors 
Battery in car lighting service, Pasted plate, 


Battery, Lead storage 
Battery locomotive, Electric, Midland rail- 
WAV Montes ele econeustol xan Mee senha diana Pore teak els 
Battery, New Gould chemically pure planté 
DOSAGE DIAL santa cA ct rae apo te els lens 
Battery plates, Excessive growth of........ 
Battery questions, Edison storage, 
25, 61, 86, 111, 
Battery testing, The use of cadmium in.... 
Batteriés, Rack and drip pan for painting 
HL ASO tlhe atte a re note ect sea overs ee ein nsec eaten 
Bearings, anti-friction (see Assn. Ry. Elec. 
Engrs. Committee reports). 
Bearings, Application of anti-friction, by T. 
VERB OK Walter: <5 seyarit ees aclaraini cies S773; 
Rearings, Counting the cost of anti-friction 
Bearings for car lighting generators, Ball.. 
Bearings for motors, Anti-friction, by H. N. 
SE tiea hs cyeyeqeu toes veretevcte lac Sakarete 6m onsiene To wid 
Bearings for motors and generators, 
tyne ball, by John T. Bell 
Bearings for shop motors, Anti-friction .253§, 


Bearings in axle generator service, Anti- 
LPOG ECHL WAI en SGOT on Cae Ae Bae 07§, 
Bearings in axle generator service, Anti- 
friction, aby: Je Ry oloanl rates ota 6 aoe 
Bearings in car lighting generators, Anti 
FriChOne a. cat sels lace ha Tels chorea REE 
Bearings in electric locomotives, Anti-fric- 


TOTAEDY) CAT bite Ven acne arin niin). es 
Bell, John T. Open-tyne ball bearings for 
motors and generators 
Bell, Dr. Louis. The Illuminating Engi- 
neering, Lecture Course 
Bells in business cars, Use of storage bat- 
tery for 
Belt life with body hung axle generators... 
Belt Line Railway of Chicago, Electrical 
equipment of shops and yards at Clearing, 
Til 


W. L. Bliss, Calculations in Car Lighting 
Systems 
Belt tests on the Canadian Pacific, by E. S. 
M. Macnab 


Bliss, W. L. Calculations in car lighting 
SV SEGUE dete. seainyanseny ene te acy wim reg eikereyuuaaibls oie 
Bliss, W. L. New York Car Lighting 
Assn... December” meeting 2.4 dscns ss oe 
Bliss, Dynamos that throw! oils 022%. e<0s 0 


Body hung axle generators, Belt life with. . 
Rody-hung suspension axle generator, New. 
Body-hung suspension, New Gould 
Boiler plate, Welding 
Bonding systems, Cost of trolley, third rail 

and track 
Bonds and rail joints 
Boston, A new electric car lighting club in. 
Brakes, Emergency, on the Can. Pac. bas- 

cule bridge at Sault Ste. Marie, Mich.... 
Braking, Electric on the St. Paul electrifica- 

POT hac siaitccis-sfere 2 ov. gic eres atahitlte Maiaas areas 
Braking really is, What regenerative, by 

ASS VEANSON © cre cccawie hts Mog eiels, an teats 473*, 
Braking, Regenerative 
Bridge, Emergency brakes on the Can. Pac. 

bascule bridge at Sault Ste. Marie, Mich.. 
Bridge horn, A powerful ; 
Bridge, Unique electrically operated lift.... 
Bridge on the North Western, Electrically 

onerated 
Bridge,- Wertical! Hitt < cde. ashe caw yoni os 
Bridges with remote control, Four double 

OED (GRP BSS Berea Geren in A ER ote 
BUrtisHmiteiie Older Ga a wakes © viele oiecce ea tee ete 
Brush) om Comtindtator... «26.2 ones ce eile ce 
PRAMS LIEMOLSOSY Rx crate datele, odin Dele SeuMR wal Sette 
Brush position 
Brush spacing 


§Editorials. 


. 


1vV 
Busha tenicionerm Potae. Oe. eerie ame eee 
Brushes and brush troubles. siete akaretatelate eretevets 
Brushes, Angular position of.............. 

rushes, (Current density ins.s..5...cccmoe 
Brushes it parallel sem meee rae ieee ee 
Brushessmat ect otaoil on seat ee mee 
Brushes that Stick, Removing, faneay eee 
Brushes, Picking uP COPPen One aera eee 
Brushes, Widthtofie.. 1.0mm aoe coe ee 
BE yant el lectice On: a-aaceis ote eee 
Buckwalter, T. V. Application of anti-fric 

HON UbDearin esis aig one eee ee SYA 
Buckwalter, T. V. Industrial trucks in the 

RerviCenoLetice beni hacer eeee 
Buda sheadlight nc. Merion neni aee 


Business cars, Use of storage battery for 
ellscimyie cis Nese Meo aie ere OA eae ears 
Butte, Anaconda & Pacific Ry., Heavy duty 
contact system 


Calculations, Electric traction......... 564§, 
Cadmium for battery testing, The use of. 
Calculations in car lighting systems, by W. 
Less nace eis chee, ee er eee 
Campbell, W. A. Rotary Converters...... 
Canadian Pacific, Belt tests on the, by E. 
Dye Mig acnhabe cca: secre racccin 
Capacity, Principles of alternating currents. 
Car Ban; sAcnewsbta. aceretce meen eee ben 
Car ferry, Ammelectriiedn scrote acon. cc 
Car illumination, PaSSEn G Cramer neetetntery cucle ols 
Car Lighting, see also A B C Car: Lighting 
Course. 
Carglighting wabLoad seme coki eres ise 
Caralighting accounts ae 4 ceri oe 
Car Lighting Association, New York, 
Dal 5027 Vs 300, 529, 
Car lighting belt problem; “AU newes.«s.-. 6s 
Car lighting club in Boston, A new electric 
Caralighting iclibsas: cece mea ict 
Car lighting developments during 1915..... 
yet lighting, Electric, by E. S. M. Mac- 
Car lighting fixture, New lower deck Nor. 
FECA te itech ICR Ola Scie ci Case Cie eee 
Car Lighting Hand Book (see Assn. Ry. 
Elec. Engrs. Committee reports). 

Car lighting, M. C. B. report on 
Car lighting, New facilities for the West 
Oakland yards, So. Pac., by J. J. Hack. 
Car lighting service, Maintenance of lead 
storage batteries in, by Ernest Punne. ... 
Car lighting systems, Calculations in, by W. 
SARE LISS whee Prete areca others cite tes ie ses 

Car lighting tests, Baggage, Penn. R. R. 
Car Wiring. A. R. E. E. standard rules... 
Car wiring conduits and fittings, Standard 
PULES NE Olu cicpccistetere oe Siete ohne aeese ls  : 
Car Wiring connecting block, A new....... 
Car Wiring Specifications (see Assn. Ry. 
Elec. Engrs. Committee reports). 
Cars, Illumination of Pullman, by D. Wood- 
head and A. L. Nrenberg eijacmei cies «& 
Catenary suspension, Messenger or ........ 
Charging installation, A modern yard...... 


Charging thirty-volt cars from  sixty-volt 
CILCUIES trem cave oreerantin ees uae ets vie. eas 
Charging thirty-volt cars in series ........ 


Charging receptacles, New yard 


Chattering wheel slip in electric motive 
DoOMMetsby G: UMin Wa tone whrssectasrcictie.s one's 
Chicago & North Western Ry. Alters elec 
pmicesipn it Chicago! oc. scaacene ten. + o+s 


Chicago & North Western, Electric train 
lighting with headlight generators........ 
Chicago & North Western, Electrically op- 
erated bridgeton thes. ..e8 oe ccd. a seo 
Chicago & North Western, New Turbo-gen- 
erators for 
Chicago & Western Indiana R. R. battery 
house 


Chicago Association of Commerce, Smoke 
abatements FEpoOtt wee see cle tela ea ciate ous she 
Chicago, Milwaukee & St. Paul Ry. Elec- 


trification of terminal line at’ Great Falls, 


PEN ON te eis arn coon wer giniete ence acslaetnr so 
Chicago, Milwaukee & St, Paul electrifica- 
EIOIL OPerationmOr weer ote ere es | 
Chicago. Milwaukee & St. Paul, Operation 
Otethewcleetrificatiorie sc pike ier ee mariee oe 
Chicago, Milwaukee & St. Paul Ry. Proo- 
ress son the, electhificatiom yae.niee ee ces 
Chicago, Milwaukee & St. Paul Ry. Formal 
opening of the electrification ........... 
Chicage smoke abatement by electrification 
Of  tTailbwayeterininals js eclecceme cima oan 
Glassifieation yard lighting’ ooac.esec..@ee se 


Classification 2 lighting at Air Line Junc- 
~ tion, Ohio N GaRaR 
Clearing. Ill Electrical equipment of the 
Pelt Line Railway of Chicago, shops and 
yards 
Club in Boston, A new electric car lighting 
Clubs, Car lighting 
Coal hoists, Electrically operated, by J. H. 
_ Wickman 


291, 319”, 

Coil groups in induction motors, Separating 
Collectors for electric railway, Contact con- 
ductors and, by Gag. Hixson, several «> 
Commissions of Wisconsin, Joint meeting 
of the railroad and industrial ........... 


*Tilustrated article. 
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2877 
438 


528 
101* 


184 


Committee reports, A, R. E. E. (see Asso- 
ciation of Railway Electrical Engineers). 


Commutators and Commutation, by G. Fox, 

8908, one 
Commutators, Action of oilons.... «1-4. 353 
Commutatorsieilaening easement ce oe sleeracs 352 
Commutators, Tool for undercutting mica in 31* 
Commutators, Slottinig” ca-jsmwoerersiscre sis alters 439t 
Competition, Practical stunts....441§, 468§, 493§ 
Compressed air. (see Assn. Ry. Elec. Engrs. 

Committee reports). 

Compressed air gasolene spray...........%. 399* 
Compressed air generation (see Assn. Ry. 

Elec. Engrs. Committee reports). 
Condunteinstallationl ears mri ciethe sitemeter ARS 
Conduit specifications, Metal (see Assn. Ry. 

Elec. Engrs. Committee reports). 

Connecting block, New car wiring......... 304* 
Connection, Emergency battery. cies sccttniee 560 
Connections, Emergency, for transformers.. 362 
Connectors New. Gibbs trains seme. ss eels et 308* 
Connectors for car lighting batteries, Wire. 65 
Connectors se solderlessmeepieiaanieieenin ce cette 588* 
Consolidated type “A” axle generator, Ball 

bearings © Lor! ie cse cian olsvcisce ee o,ausuavanaiesetacte 489* 
Consolidated type “L’’ equipment.217*, 244*, 274* 
Construction and maintenance cost of over- 

head contact systems, N. Y. N. H. & H.. 39* 
Construction, maintenance and cost of over- 

head contact system, N. Y. W. & B...... 40 
Contact conductors and collectors for elec- 

chica tar lwavyay Gree DeS Olen. tase rerae cree tect 104* 
Contact system of the So. Pac. Portland 

division ie ues eee ie cee eee srstonretoiaens 42* 
Contact systems, Heavy duty, B. A. & P 101* 
Control, Electrically operated voltage...... 174* 
Cantrolseiivel demesne re hoe olen 442§ 
Control, Four double track lift bridges with 

FEM OLE Mero iateic cucveni te hse sioee ieee Gy shetondl pas cat tele 96* 
Cortrol of induction motors, Speed, by J. H. 

Waeekinanmentiaronae otonenaciue niateen 83* 
Control of railway motors, Field, by D. C 

Heétrshhereer Sasadesccentw ature en ees 443* 
Convention wactivitve tact trent er ite 533§ 
Convention, sAnnual,,oflAn le Bo Byes: 38* 
Conventions, A. R. E. E. (see Association 

of Railway Electrical Engineers). 

Converters for battery charging. Rotary... Ve 
Converters, Rotary, by Williard Doud.... 272* 
Converters, Rotary, by W. A. Campbell... 314% 
Converters, The use of small rotaries in 

railtoad: (Servicertcwacicais cicieie.e ies egies covert he 69§ 
Correction win acct cerca ene 343 
Corrosion of battery connector, Prevent... 115* 
Cost data on electric welding vg iinrrit 504 
Cost keeping for railroad shop power. 

Method of, by E. Wanamaker.......383*, 414 
Cost of construction for third rail........ 38 
Gost vor trolleyaisystemiysnimeniicac somone 103% 
Costs of trolley, third rail and track bond- 

11S PSV SLEMIS sua Caecanepeciedes or era casas accra cueneeare 38 
Costs of overhead contact systems, Construc- 

tion and maintenance, N. Y. N. H. & H.. 39* 
Cost of overhead contact system. ae 

tion and maintenance. N. Y. W. & B..... 40 
Crane motors, Standardization, A. R. E. E 

Committee trepottecs s-peennr tran eee 139 
Crane motors, Standardization of traveling. 121§ 
Crane, Turntable and transfer motor stand- 

ardization (see Assn. Ry. Elec. Engrs. 

Committee reports). 

Crossing specifications, Wire, A. R. E. E 
GCommitteemreport) emis ceeeeraen ee 123 
Grouse ot tives caNiomad’ yore aaron ililyas 
D 
Danger signal and sign light, Combination.. 308* 
“Dan Patch” gas-electric locomotives....... a5 3r 

Data and information (see Assn. Ry. Elec. 

Engrs. Committee reports). 

Davis, T. H., Lumen basis per rating incan- 

descent lamps tecccm a eres oles eee 313% 
Depeicns of recent car lighting patent suits. 67 
D. & R. G,, Proposed electrification....... 589+ 
Design, ‘maintenance and operation of elec- 

tric rolling stock. «1s ocactmerin aereicne ee 447* 
Design of electric locomotives, Mechanical... 575 
Design of electric locomotives, Mechanical... 533§ 
Design of electric locomotives, Mechanical, 

bya Aw Ey Batchel denier sw aitsn.c «ieee 537 
Despatching, Cheap power for telephone... 456* 
Detector A sumaversalie ates sti. cto ieee 560* 
Dick systems, Simplified (German)...:.... 179* 
Direct current equipment, Maintenance and 

TEMAS: OLD pice Carsiehavs. asec iste eels, hea oeeee 508 
Direct current vs. alternating etiats for 

SHOPS ram eee cole emia Ses bite tine ARR 508 
Distilled water for battery flushing. PPR aC 407§ 
Dosserte Gaon cemcbe cp ratecrarete ois iesce shaver 252 
Doud, Williard, Principles of alternating 

currdat’ cue tees karts SO*) 85*, U0" 

148*, 176*, 042%" 272 me OM 

Drill gasvem Convenient: tassios ee Bowie 

Dell sack, Convententie. atin se nae 186% 

Drills for) tapping. craic din ete «cpcreei-eele owiehe 116 
Drop cords in a large engine terminal, Elim- 

ination. of, Nore Pacienn sctke tes sees 236* 

E 

Kagle claw awrencherniswercean..+ stews 0 stare 490 
Eaton, G. M., Chattering wheel in electric 

MOtLvenPOWeLmrens Eaee ae Aokeaeie eee ee 285* 
Edison batteries, Rack and drip pan for 

Painting Babee clots ote lenttes c.s rs Seu 585* 

#Non-illustrated notes. Communications. 
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Edison emergency lighting unit.......... “+ 
Edison storage batteries, Changing, in six 
minutes 


Edison storage battery questions in railway 
car lighting: 
Cans, Bulging of 
Cans, Straightening bulged 
Cells, Importance of keeping dry.. 
Eereioe Effect of low rate. 
Charging in reverse direction, “Effect of 
Cold, Effect of extreme..... rad ae Re 
Con: nectors, Removing ... 
Construction, Battery .........6: 
Discharged condition. Leaving battery in 
Efficiency, Ampere hour ............ 
Electrolyte, en to Changes ices sme 
Pilling cap and) gas vent; «sore eee 
Blushing the” battery... 2. s.10senier 25, 
Gravity of ‘solution. <. scien 61, 
Impurities, Cheniical 
Inspection, Battery 
Nickel plating of parts..3.. =. seeleemen 
Normal rate 
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SemicAnnual Convention of 
A. IR. on i. 


As in years past, the Association of Railway Electrical 
Engineers will hold its semi-annual convention at Atlantic 
City during the week of the Master Car Builders and 
Master Mechanics Conventions. The meeting will be 
held at the Hotel Dennis at 9:30 A. M. Monday, June 
14th. The great display of railroad appliances and shop 
equipment which involves a large amount of electrical 
equipment, will make this convention particularly attrac- 
tive to the electrical men of the railroads. 

There will be a number of interesting committee re- 
ports presented, among which will be progress reports of 
the Committee on Metal Conduit Specifications, Commit- 
tee on Standardization of Crane, Turn Table and Trans- 
fer Table Motors, Committee on Wireless Telephone and 
Telegraph as Applied to Moving Trains, Committee on 
Power Plant Operation, Committee on Compressed Air 
Generators, Committee on Standard Rules for Car 
Wiring, Committee on Standards for Train Lighting 
Equipment, Committee on Shop Practice, Committee on 
Electric Head Lights, Committee on Data and Informa- 
tion, Committee on Specifications for Wire Crossing for 
Potentials Above 100 Volts, Committee on Industrial 
Trucks, Committee on Reciprocal Relations, Committee 
on Loose Leaf Binders, Committee on Illumination, Com- 
mittee on Wire Specifications. 
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Wi 
Klectricityim Shop and Terminal 
Operation 

It is hardly possible to over estimate the importance of 
electricity in the operation of modern steam railroad re- 
pair shops and terminals. The article on the electrical 
equipment of the Belt Railway of Chicago, Clearing shops 
and yards in this issue is an excellent outline of the ex- 
tensive application of electricity to the many and diversi- 
fied operations of a huge freight terminal and subsidiary 
locomotive and car repair shops. The time is not very 
far for in the past when railroads were content to oper- 
ate their shop machinery by steam engine and mechanical 
transmission and install a small generator or purchase 
electricity for lighting purposes. The modern idea, ex- 
emplified by the Clearing installation, calls for the appli-— 
cation of electricity to every purpose wherein its use can 


. possibly be justified. To obtain the best result, as in all 


other things, exact methods, intelligently applied, must be 
used by the designer of a modern railroad electrical in- 
stallation. Problems of interior and exterior illumination, 
requirements of motor drive for shop machinery, hoist- 
ing, pumping, compressing air and electrical transmission 
must be successfully met and treated by long experience 
in railroad requirements, and a thorough knowledge of 
modern practice and development in all of the above 
lines. In other words the up-to-date railway electrical 
engineer must be more than his title indicates, he must be 
fully conversant with.the important fundamentals of 
every other branch of. engineering practiced on a rail- 
road. 

That the designer of these shops has used his railroad 
experience, coupled with a thorough knowledge of the 
technical points involved and a thorough understanding 
of modern practice and apparatus available is apparent 
from a close inspection of the completed installation, 
some details of which are illustrated in the photographic 
reproductions accompanying the article. 

The lighting equipment of the locomotive shop, freight 
yards, wood mill and roundhouse was installed according 
to data obtained from extensive experiments with various 
lighting schemes carried out after theoretical results were 
obtained by calculation. That this extreme care was en- 
tirely justified is evidenced by the night photographic re- 
productions, which show, what are, perhaps, the best ex- 
amples of railroad shop illumination obtained to date. 

The extensive use of alternating current in this plant is 
indicative of the trend in railroad shop practice. Avail- 
ability of machine tools with dependable speed changing 
devices which enable a constant speed motor to be used 
with results comparing favorably with those obtained 
from an adjustable speed direct current motor have re- 
duced to a considerable extent the necessity for exten- 
sive or exclusive use of direct current power. The use 
of a synchronous motor generator unit installed primarily 
for power factor connection and incidentally to obtain a 
small amount of direct current without expenditure of 
additional power for the operation of a few tools where 
adjustment of speed by motor control was particularly 
desirable, is an arrangement which should be taken ad- 
vantage of by most railroad electrical engineers in their 
electrical power work. 

A rather extensive use of automatic control for 3- 
phase motors illustrates strongly the tendency to simplify 
motor operation and decrease the necessity for attendants 
at outlying or isolated motor locations. 

In general, it may be said safely that the entire plant 
represents an unusual example of skill in design, execu- 
tion, attention to details and character of electrical in- 
stallations, in fact, possesses so many points of interest to 
the railway electrical engineer that he should not fail to 
pay it a visit when the opportunity presents itself. 
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The electrical section of the Norfolk & Western Rail- 
way, known as the Elkhorn Grade, is located on the main 
line in the southern part of West Virginia, about 105 
miles west of Roanoke, and extends from Bluefield to 
Vivian, a distance of about thirty miles. The section is 
double track throughout, except in the Elkhorn Tunnel, 
which is single track. There is also a large amount of 
third track, or passing sidings, and branches into the coal 
workings, and yard trackage. 

We have reviewed the progress of this electrification 
from time to time, in the Railway Electrical Engineer and 
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rlectriication 


primarily for the purpose of collecting from the mine sid- 
ings and yards in the coal fields the entire eastbound coal 
tonnage and transporting it up the grades and over the 
summit to the classification yard at Bluefield, the division 
point of the railway. From Bluefield, after classification, 
it is shipped east to the various destination points, chief- 
ly to the Railway company’s marine shipping pier at 
Lamberts Point, near Norfolk, Va. All coal traffic origi- 
nates west of Flat Top, about six miles east of the sum- 
mit of the heavy grade, and although a good deal of the 
coal goes west the easterly shipments are very heavy and 
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in the April number, 1915, on page 335, we published 
part of a paper which was given by Mr. Gibbs before the 
Western Society of Engineers in which grade conditions 
were described and the electrical apparatus discussed. So 
any points which are omitted from this article can be 
found by referring to this issue. 

The grades on the line are heavy, varying from 1.6 
per cent, at the west end to 1.5 to 2 per cent. up the grade, 
to and through the summit tunnel, a distance of about 
ten miles; thence the line descends on a 2.5 per cent. 
grade for about a mile and then rises again at the rul- 
ing rate of about 0.25 per cent. for 10.5 miles and finally 
up a 1.22 percent. grade for three miles into Bluefield, 
the easterly end of the division. Fully 60 per cent. of 
the line is on curves, the maximum being about 12 de- 
grees. 

The electrification of this section of the railway is 


A Two Unit Locomotive Pulling a Heavy Freight Train on a Steep Grade. 
Regardless of the Grade. 


These Locomotives Maintain a Uniform Speed 


this constitutes the chief load handled electrically. Some 
coal originating east of the summit is shipped to the west 
and this is also handled by the electric service to yards 
near the westerly end of the electrified section. 

There are numerous colliery sidings throughout the 
coal fields and the electric service includes the collection 
of loaded cars or trains from these sidings on the east- 
bound trip and the delivery of empties on the return trip. 

Another condition favorable to electric traction is the 
fact that trains may be despatched at fairly uniform in- 
tervals throughout the day and thus desirable loading con- 
ditions on the power system are obtained and at the 
same time the full service is handled with a moderate 
number of locomotives, each making a number of round 
trips per day. 


Article prepared from information furnished by Gibbs and Hill, 
New York, consulting engineers for the railroad. 
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The purpose of the company in electrifying this sec- 
tion is to increase the capacity of the railway by mate- 
rially reducing the time required to handle trains and to 
provide economical and efficient service over the heavy 
grades. To this end the heavy freight trains are handled 
with electric locomotives at a running speed up the grades 
of 14 m.p.h. as compared with about 714 m.p.h. under 
steam operation; and a further saving in time is also ef- 
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fected by the elimination of the delays steam trains have 
heretofore occasioned by occupying the tracks while the 
engines take on coal and water, one at a time, at the 
several coal and water stations on the grade. The ef- 
fect of increased speed is especially marked at the single 
track Elkhorn Tunnel, 3,000 ft. long on 1.5 per cent. 
grade, where on account of ventilation requirements, it 
has been necessary under steam operation to reduce the 
speed up grade in the tunnel to about six m.p.h. This 
requires about seven minutes to clear the block, whereas 
under electric operation this movement is made in about 
three minutes. 

The heavy coal trains, known as “tonnage trains,” 
handled in this service weigh 3,250 tons and have formerly 
been handled up the grade by three steam locomotives, 
two of these, a road engine and helper, one at each end 
of the train, being used over the entire section, and the 
third, at the rear, serving as a pusher up the 1.5 and 2 per 
cent. grades, this pusher being cut off at the summit. These 
steam engines are of the highly developed heavy Mallet 
type fitted with mechanical stokers and superheaters. 
Under electric operation a single road engine is used over 
the division and a second electric engine is used as a 
pusher up the 1.5 and 2 per cent. grades. Thus it will 
be seen that one electric engines takes the place of two 
Mallets over the division or two electric engines take 
the place of three Mallets up the grades and handle the 
train at approximately double the steam speed. The speed 
at which the electric locomotives handle the trains on 
the 0.4 per cent. grade between Cooper and Graham is 
28 m.p.h. 

The electrical installation has been laid out and power 
plant, locomotives and other equipment provided for han- 
dling 20 tonnage trains, or 6,500 tons, a day eastbound 
over the division and ample provisions have been made for 
additional traffic and extensions when required. The 
number of these tonnage trains handled per day at present 
is about twelve, in addition to which pusher and helper 
service is provided for through freight and passenger 
trains. 

The single phase system of traction is used, power be- 
ing generated, transmitted and distributed single phase 
at 25 cycles and collected from the overhead catenary 
trolley contact system at 11,000 volts. The locomotives, 
however, are unique in that they are eauipped with phase 
converters, which, in connection with the main step-down 
transformers on the locomotive, transform the single- 


Map of the Line from Vivian to Bluefield. 


RAILWAY ELECTRICAL ENGINEER 3 


phase power of the trolley to three-phase power for use 
in the three-phase induction type traction motors. Thus, 
while retaining all the advantages of high voltage sin- 
gle-phase distribution and collection, the advantages of 
three-phase induction motors for these heavy traction 
mountain grade conditions are also secured. 

Another characteristic feature of the installation is the 
fact that as the result of the use of traction motors of 


This Gives a Good Idea of the Number of Curves. 


the polyphase induction type it is feasible without the use 
of additional or complicated apparatus and devices to 
utilize the locomotives for electrically holding or braking 
the trains at constant speed while descending grades. 
This utilizes the energy in the moving train descending the 
grade to drive the motors as generators and thus return 
energy to the line. 

This kind of electric braking 
been much discussed and often proposed both in this 
country and abroad but with the exception of the Giovi 
line in Italy this feature has not been utilized in any ex- 


or “regeneration” has 


Coscaie Cooper Floh Top Yors Graham 


Fig. 3. Diagram of Profile from Vivian to Bluefield. 


tensive commercial electric railway operation. Even on 
the Giovi line the train weights do not exceed 400 tons 
and it is evident, therefore, that this is the first instance 
where the use of this form of electric braking has ever 
been attempted for heavy freight train service such as 
obtains on American railroads. 


Catenary Line Construction. 

Next to the electric locomotives, the most interesting 
feature of the electrification is probably the catenary line 
construction. In designing this feature of the installation, 
the Engineers had uppermost in mind the two important 
requirements of reliability of service and low cost of 
maintenance. An effort has been made to secure the max- 
imum degree of flexibility and freedom from hard spots 
at the contact wire so as to avoid rapid deterioration and 
frequent breakages and failures, and a special effort has 
also been made to provide the highest type of insulation 
so as to avoid interruptions to service due to insulation 
break downs. 

In designing the supporting structures an effort has been 
made to secure a neat and attractive appearing structure 
which would not interfere with the view of signals and 
which would present the least surface for corrosion and 
minimize the cost of painting and repairs as well as the 
first-cost of installation. In working out the design on 
these lines, the catenary system has taken the, form of 
single catenary with an auxiliary messenger wire above 
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the trolley, one main hanger being provided for every 
two intermediate connections between auxiliary and trol- 
ley on tangents. On curves the angularity of the hangers 
provided the necessary flexibility, the auxiliary messenger 
and trolley wire being connected to the hanger at the same 
point. 

The principle of providing more than one single insu- 
lator between live parts and ground has been “adopted 
and suspension insulators are tused throughout as being 
the least liable to fail due to transverse stresses. Care 
has also been taken to guard against failures due to un- 


Fig. 4. A Close View of the Locomotive Truck with Body Removed 
Showing the Connection of the Motors to the Driving Gear. 


equal expansion and contraction resulting from temper- 
ature changes. For the main line tracks three suspension 
insulators are connected in series so that the failure of 
one or even two at any point will not result in the com- 
plete breakdown of the insulation and interrupt the serv- 
ice. For the yard tracks and sidings two such insulators 
are used. 

Great care has been taken also to provide ample clear- 
ance between every live part and adjacent grounded 
structures and as a rule this clearance is maintained at 
not less than 18 inches so as to avoid the danger of birds 
or foreign materials causing a short circuit. The same 
principle applies in the tunnels, the insulators are, how- 
ever, placed off to the side and out of the direct blast 
from locomotive stacks and here two 44,000 volt trans- 
mission line insulators in series are used in all cases be- 
tween live points and ground. 

In laying out the electrical installation, a great deal 
of attention has been given to the provision of adequate 
and convenient facilities for the inspection and mainte- 
nance of all parts of the installation. The center and 
headquarters of the whole system is at Bluestone where 
the power house is necessarily located on account of the 
water supply, and after much study it was decided to lo- 
cate the inspection building and machine shop for mainte- 
nance of electric locomotives here also rather than to try 
to take care of electric engines at the steam engine shops 
at Bluefield. 

In addition to the direct advantages and savings re- 
sulting from the electric train service the railway has 
taken advantage of the presence of an adequate power 
supply at a net cost of generation for the operation of va- 
rious auxiliary plants. * Thus a large steam pumping sta- 
tion at Bluestone for the water supply for steam locomo- 
tives has been shut down and the pumping is done at 
the electric power station located nearby, and the fans 
for ventilating the Elkhorn Tunnel will now be driven 
by electric motors. Likewise electric power will also be 
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ultimately used for operating shops and pumps at Blue- 
field and several other points on the division. 

The electrification of this section had long been under 
consideration, but the decision to electrify was not 
reached until about two years ago. The layout and de- 
sign of the entire installation was worked out in all de- 
tails by Gibbs & Hill, engineers for the company. All 
construction, excepting the power house and inspection 
buildings and some of the power station equipment, was 
carried out by a specially organized railroad force under 
the supervision of the engineers. 


Power Station. 


The power station is of the usual type using steam 
boilers and steam turbines as the prime movers. It is 
located at Bluestone; on the Bluestone river, about 11 
miles west of Bluefield, mainly for the reason that this 
is almost the only available source of water for boiler 
feed and condensing purposes in the district, and the 


Fig. 5. Power House, Turbine Room, Showing the Main Generat- 
ing Units. Operating Gallery is on a Level with the Crane Track. 


railway company had already constructed a dam and 
reservoir here for the water supply for its steam loco- 
motives. 

The building is constructed of hard burnt brick; the 
design is plain and substantial in character. The main 
structure is about 135 ft. by 158 ft., with a 52 fit. by 33 
ft. extension at the northeast corner. 

On the ground floor of the extension building or trans- 
former house are the step-up and step-down transform- 
ers, and on the second floor is located the high tension 
switching apparatus. 

The main turbo-generator units, exciters and signal 
generators are located on the main floor of the turbine 
room, the condenser equipment and fans for cooling the 
generators being in the basement. The turbine room 
is spanned by a 30-ton traveling crane. 


Coal Handling. 


Coal is received in hopper bottom cars on a siding 
along the south side of the power station. The cars 
discharge into a 16 ft. by 24 ft. structural steel hopper 
under the tracks. Below the hopper is a single roll 
crusher which empties into an inclined conveyor of the 
continuous bucket type, having a capacity of about 60 
tons per hour at a speed of 80 ft. per minute. 

The two storage bins are made of 3 in. open hearth 
steel plate and are suspended above and between the boil- 
ers from the building girders. Their capacity is about 
350 tons. The coal handling machinery is driven by A. 
C. motors, the crusher motor having a rating of about 35 
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h. p., the inclined conveyor motor 15 h. p., and the hori- 
zontal conveyor motor 10 h. p. 


Ash Handling. 


A narrow gauge (24 in.) track is located under each 
row of boiler ash hoppers in the boiler room basement. 
Steel platform cars, carrying two buckets of one cubic 
yard capacity each, are pushed along these tracks and 
loaded by gravity from the ashpit hoppers. They are 
then run outside the boiler room basement to a loading 
trolley. This trolley is carried on a steel trestle which 
spans two siding tracks. It is about 110 ft. long and 
can accommodate three gondola cars on each track. The 
buckets are lifted from the small platform cars and emp- 
tied into the gondolas by means of a traveling electric 
hoist. Each hoist can handle a working load of 3,000 
Ibs. The hoist motors are 220 volt D. C. 


Boilers and Stokers. 


The boiler plant comprises ten Stirling type water tube 
boilers, arranged in two rows, with the firing aisle be- 


Fig. 6. Interior of High Tension Switching Room in Power House. 


Note Absence of Brick Partitions or Compartments, 
Bus-bars Supported from Pipe Framework. 


tween, each row consisting of two batteries of two boilers 
each and one single boiler. Space is provided in the 
present building for four additional boilers. 

Each boiler is fitted with an underfeed stoker of suf- 
ficient capacity to evaporate 61,000 pounds of water per 
hour into steam at 200 Ibs. gauge pressure 150 deg. F. 
superheat when supplied with feed water at 200 deg. F. 


Boiler Feed. 


Steam from the exhaust header is discharged into two 
horizontal Cochrane feed water heaters and purifiers 
located on the boiler room floor. These are of the cylin- 
drical type, ten feet long and eight feet in diameter, and 
are arranged to operate as a double unit. Each heater 
has a total tray surface of 175 square feet, comprised in 
80 cast iron trays, each 21 in. by 15 in., and is capable of 
heating 225,000 pounds of water per hour from 40 deg. 
to 205 deg. F. The heaters are equipped with oil sepa- 
rators. 

Flues and Stack. 


The flues are made of sheet iron, lined with asbestos 
blocks covered with retort cement. Expansion joints are 
provided in the flues. The stack is of the Custodis radial 
brick type 268 ft. in height from the base or 250 {t. from 
the grates, with a minimum inside diameter of 20 ft. A 
four-inch brick lining extends 75 ft. from the bottom 
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of the flue opening, with a 2-inch air space between the 
lining and the column. A 24 in. by 36 in. cleanout door 
is provided about 14 ft. above the ground, opposite the 
flue opening. 

Draft. 


The forced draft installation in the boiler room base- 
ment consists of three Sturtevant multivane turbine 
driven fans. These are of the manufacturer’s No. 12, 
seven-eighths housed type with double inlets and upward 
discharge. The fan wheels are 5814 in. in diameter, 
each having 48 curved steel blades 60 in. wide. The 
casing is of sheet steel suitably stiffened and braced to 
prevent vibration. 

The fans are driven by steam turbines through a 4:1 
herringbone reduction gearing. These turbines are of 


Fig. 7. 


Control Boards in the Operating Gallery. 


the standard Sturtevant E-5 type and have a normal 
rating of about 300 h.p. each. The rated capacity of 
each fan is 150,000 cu. ft. of free air per minute against 
a static pressure of 6 inches of water when running at 
540 r.p.m. 

Steam Turbines. 


The initial equipment consists of three main generat- 
ing units, with space provided for a fourth. These units 
are horizontal turbines of the Westinghouse-Parsons 
impulse reaction double flow type rated at 10,000 kw. 
with steam at 190 lbs., superheated 150 deg. F. and 28% 
in. vacuum when running at 1500 r.p.m. 

A simple speed limit governor trips the automatic stop 
valve whenever the speed of the turbine exceeds a pre- 
determined value. 

Each turbine is equipped with a separate condenser 
of the Le Blanc Jet type, connected directly to the dis- 
charge flanges of the turbine. The injection water is 
taken from the intake tunnel which runs under the base- 
ment floor. The condenser injection water and air 
pumps are driven by a horizontal turbine. The air pump 
discharges into an intake canal and the ejection pump 
discharges into a pipe leading to a spray cooling pond. 


Generators. 


The main turbo-generators are of the Westinghouse 
type, having a rating of 10,000 kw. at 80 per cent. power 
factor, 11,0000 volts, 25 cycles, single phase. At this 
rating, the generators are specified to operate for twenty- 
four hours with a rise in temperature not exceeding 60 
deg. centigrade above the temperature of the cooling air. 
This temperature rating is used because the load factor 
and form of the load curve is such that a rating on this 
basis gives a truer conception of the size of the plant re- 
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quired for the service than would be obtained by adher- 
ing to the usual temperature basis of rating machines 
operating on a high load factor. They are capable of 
delivering a single phase output of 12,500 kw. at 80 per 
cent. power factor for 5 minutes without injurious heat- 


ing. 
Switching Apparatus. 


The main 11,000 volt bus is sectionalized and 3-phase 


power for auxiliary purposes is taken from the island 


section. No brick of concrete bus compartments are used, 
the bus being of copper tubing carried on insulators 
mounted on pipe framework. Copper tubing and bare 
wire is used wherever possible; insulated wire being used 
only where conductors are carried in conduits. 

The power supply to the 11,000-volt side of the three 
5,000 K. V. A. step-up transformers is controlled by 
three 2-pole oil circuit breakers. The oil circuit break- 
ers on the 11,000-volt circuits are solenoid operated and 
are mounted on pipe framework. The leads from the 
oil circuit breakers are insulated and run in conduits 
and on insulators to the transformers located on the 
lower floor of the transformer house. 

All switching apparatus is controlled from the oper- 


This is a Typical 


Exterior of Maybeury Substation. 
Substation. 


Fig. &. 


ating gallery. The switchboards consist of a generator 
bench, main power board, auxiliary power board, and’a 
signal power board. 


Regeneration Loading Rheostats. 


Excess regenerated power returned to the power house 
at no load passes to the 11,000-volt bus and through the 
various transformers back to the generators if the gen- 
erators are running under very light load or no load. If 
no other load were provided, the regenerated power 
would reverse the generators and operate them as mo- 
tors. To prevent this a loading device consisting of 
electrodes immersed in the intake canal and controlled 
by suitable switches is provided. The operation of the 
switches is made automatic by means of a group of re- 
lays and magnetic switches, current transformers, etc., 
so connected as to give the following results. ; 

Each rheostat consists of a steel cone carrying a lead 
from the circuit breakers, and a fixed ingot iron plate 
located at the bottom of the intake canal, and grounded 
to a copper plate bedded in the earth outside of the canal. 
The power dissipating capacity is adjusted by varying 
the distance between the cone and the iron plate. 


Transmission. 


High tension power is transmitted at 44,000 volts, 25 
cycles, single phase. The wires are carried on the cate- 
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nary supports, except at the tunnels, where the line goes 
above ground over the summits. The method of sup- 
port is clearly shown in Figs. 8 and 10. 

As can be seen in the illustrations, there are two sin- 
ele phase lines. These consist of four No. 2/0-seven 
strand hard drawn copper wires. A 3%-in. steel ground 
wire is carried on the poles for the length of the line. 
The high tension insulators are of the four petticoat pin 
type with a maximum diameter of 12 in., and are tested 
at 165,000 and 120,000 volts respectively, for dry and 
wet flashover. 

Substations. 


All power supplied to the trolley system and trains 
is obtained from transformers which step down the volt- 
age from 44,000 to 11,000 volts. These are located at 
suitable points along the line and are housed in suitable 
buildings except at West Vivian, where the apparatus is 
of the outdoor type and unhoused. 

The oil circuit breakers in the substations are remote- 
controlled and will be operated from adjacent signal 
towers or passenger stations, or yard master’s offices, 
thus requiring no attendance. Power at 440 volts for 
the operation of oil citcuit breakers is obtained from two 
step-down transformers, one connected to the 11,000- 
volt bus and one to the 44,000-volt bus. 

The equipment of substations is as follows: 


Bluefield \..:... 05 eit ‘.2—8,000 K.V.A. Units 6,000 K.V.A 
Bluestone (Power House) .2—2,000 K.V.A. Units 4,000 K.V.A 
Maybetiry = sacs. occa 2—5,000 K.V.A. Units 10,000 K.V.A 
North’ Fork” 272 -.eeeeeeeer 2—3,000 K.V.A. Units’ 6,000 K.V.A 
Vivian 23.2. eee 1—2,000 K.V.A. Unit 2,000 K.V.A 

Total, capacitiepteree see ces ieieea eae ae 28,000 K.V.A 


Distribution and Catenary Construction. 


One advantage of using a very high voltage on the 
contact system is that no supplementary feeders are re- 


Fig. 9. Regenerated Power Loading Rheostats in the Intake Canal 
Outside of the Power House Substation. Note Provision 
for Raising and Lowering the Cones in the Water. 


quired, the distribution of power from substations being 


effected entirely by means of the trolley lines proper. 
Supporting structures. 

There are two distinct types of structures used for 
supporting the system of catenary or trolley lines; one, 
which is used on the main line, where the wires are sus- 
pended from overhead beams or girders and the other, 
used in yards, where an overhead cross-catenary cable 
is used to support the longitudinal catenary wires of a 
large number of tracks. 

The structure as a whole is unguyed if on tangent 
track, but on curved track is guyed on the outside of the 
curve, that is, guyed against the curve pull of the cate- 
nary system. 

Catenary supporting structures are nominally 300 ft. 


eh ae 
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apart on tangent track and somewhat closer together on 
curves depending on the degree of curvature and wheth- 
er or not intermediate pulloft poles are used between ad- 
jacent supporting structures. 

The foundations are of 1:2:5 concrete, reinforced with 
rods, and cored with a collapsible form. A copper 
ground plate being set in coke underneath one of the 
two foundations and a substantial copper cable carried 

up through the concrete for later attachment to the pole 
with an expanded pin type bond terminal. 


The Catenary System. 


The appearance of the catenary system is so simple 
that one has to actually build it before appreciating the 


Notice 


Cross Catenary Construction Used in the Yarcs. 
the Small Amount of Obstruction Offered by This 
Type of Construction. 


Fig. 10. 


many problems and difficulties that surround its design 
and construction. 

Over tangent tracks the construction is simple. From 
each of the ‘supporting structures a steel casting attached 
to the horizontal beam or girder serves as a support for 
three suspension type insulators. Each of these three 
insulators is of itself good for a working voltage of 11,- 
000 volts and three are used as a special insurance 
against line troubles. These porcelain insulators are 
8 in. in diameter, a little over 5 in. long and have an ulti- 
mate strength of 12,000 pounds. Since the initial ener- 
gizing of the line about the middle of December, there 
has not been a single failure of any of these strings of 
insulators. 

The messenger wire is 1%4-in. extra high tension gal- 
vanized steel stranded cable having a breaking value of 
over 30,000 pounds. Spaced 30 ft. apart along the mes- 
senger wire are bent strap clips which hold the hanger 
straps. These rectangular hanger straps are of galva- 
nized steel and they are all of different lengths’ depend- 
ing on their distance from the low point of the messen- 
ger wire, the length of each hanger being calculated so 
that the bottom of all hangers will be the same distance 
above top of rail. 

All calculations are made for an average temperature 
of 60 deg. As the temperature lowers, the tension in 
all wires increases and the contact wire rises somewhat 
in the center of the span, but even a 6-in. rise in a 300-ft. 
span makes a trolley gradient of only 1/12 of one per 
cent., whereas gradients of % of one per cent. are per- 
missible. As the temperature rises above 60 deg. all 


-- tensions decrease and the contact wire sags uniformly 


toward the center of the span with a maximum sag of a 
few inches. 

Where the track is curved, as it is in the larger por- 
tion of the work, the trolley or contact wire must also be 
curved so that it approximates the track curvature. 
The system has been designed within limits such that 
the contact wire may be 12 in. off the center line of 
track in one direction at the bridges or points of sup- 
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port and 6 in. off the center line of track in the other di- 
rection at the center of the span. This allows the trolley 
curvature to be less than the track curvature, the middle 
ordinate of the trolley curve in a given span being 18 
in. less than the middle ordinate of the track curve pro- 
vided full advantage has been taken of the permissable 
limits of trolley departure. 

On curved track the catenary system, that is, messen- 
ger wire, hangers and trolley wires, instead of lying in 
a vertical plane as over tangent track lies in an inclined 
plane which is warped until the trolley curvature ap- 
proaches the track curvature. 

The suspension insulators instead of hanging vertically 
respond to the curve pull of the system and hang at a 
definite angle depending upon the curvature of the sys- 
tem. 

In the Elkhorn tunnel special catenary construction 
was necessary. This is a single track tunnel, 3,000 ft. 
long, the walls are 14 ft. apart at the spring line and 13 
ft. apart at the base, the spring line is 11 ft. 1 in. above 
top of rails, while the top of the arch is 19 ft. 3 in. high. 
Extended experiments in insulators and arrangement of 
same were made in a sample metal-lined tunnel where 
high voitages were submitted to the smoke and steam 
from a locomotive. The arrangement adopted was to 


Fig. 11. Close View of One Side of Catenary Bracket in Elkhorn 


Tunnel. Note the Recess Back of Insulators to 
Provide the Proper Clearance. 


have a supporting structure every 75 ft. apart. At each 
side of each structure two cast iron brackets held to the 
brick lining of the tunnel by large bronze expansion 
bolts; each carry a 44,000-volt transmission line insu- 
lator. A 2-in. brass pipe is carried parallel to the tracks 
by the pair of insulators on each side. Another line in- 
sulator on each side is mounted by bronze castings at 
the middle of these pipes and a cross pipe bent to follow 
the arch of the tunnel forms the support for a bronze 
messenger wire. The live catenary parts have, there- 
fore, double 44,000-volt insulation to ground. Despite 
the necessarily very limited clearances, the work in this 
tunnel stood a test of three times normal trolley voltage 
and has so far performed very satisfactorily for the 
several weeks it has been in service. 


Track Bonds. 

At signal bridges the rail joints are insulated and it 
is necessary to install bonds so that the flow of propul- 
sion current shall be continuous. This result is accom- 
plished by the use of impedance bonds which prevent the 
flow of 60-cycle signal current from getting past the in- 
sulated joint but still does not interfere with the flow 
of 25-cycle propulsion current. 


Protection of Telephone and Telegraph Lines. 


In order to protect the telephone and telegraph lines 
along the railway from danger of interruption of the 
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service due to the electrical installation, it was necessary 
to make certain provisions; first, against the hazard of 
physical contact between falling telegraph wires and high 
tension power wires, and, second, against induction set 
up in parallel telephone and telegraph lines due to cur- 
rent flowing in the power circuits. 

To provide against induction it was decided to place 
the main transformer substations somewhat closer to- 
gether than would be required by considerations of volt- 
age regulations and losses and to place the end substa- 
tions near the ends of the line. This results in feeding 
each important or long section of trolley from both ends 
and thus current fed to the trains in the section between 
substations flows in both directions in the trolley and 
track circuits and consequently the induced voltage in 
parallel telephones and telegraph lines is largely localized 
and neutralized. In addition to this, however, in order 
to provide for emergency conditions when one substa- 
tion may be out of service and for excessively high cur- 
rents which occur in cases of short circuits and grounds, 
it was decided to install so-called track transformers or 
boosters in the trolley and track circuit at intervals of 
about one mile, 


Locomotives. 


The traffic on the electrified section is handled by 
twelve 270-ton Baldwin-Westinghouse locomotives, each 
consisting of two 125-ton units or halves. 

It is necessary in handling heavy trains on mountain 
grades to have a part of the motive power at the rear of 
the train in order to avoid excessive strains on the draft 
rigging of the cars. In this case the power is divided 
equally between the two ends of the train and the trains 
are of such great length in this mountainous country 
that there is difficulty of signaling from one locomotive 
to the other and thus the locomotives are subject to treat- 
ment which would be considered impossible in ordinary 
service. In meeting these conditions the rugged con- 
struction of the three phase induction motor being free 
from commutators and the liquid rheostat are of the 
greatest importance. The liquid rheostat not only gives 
the smoothest possible gradations of tractive effort, but 
the latent heat of steam makes it possible without diff- 
culty to dissipate the large amount of heat generated in 
the rheostat in meeting these service requirements. 

The inherent characteristics of the induction motor 
which enable the locomotive to automatically hold the 
train at a constant speed on descending grades by regen- 
erating and returning power to the line, also accentuate 
the advantages of this type of locomotive. 

Each locomotive is equipped with eight traction mo- 
tors of the three-phase induction type, with wound sec- 
ondaries for four pole and eight pole operation. The mo- 
tors are forced cooled by air from the main ventilating 
duct, which also delivers air to the phase converter and 
to cooling towers for the liquid rheostats. 

There are two running speeds, 14 and 28 miles per 
hour. In starting, resistance is inserted in the secondary 
circuit of the motor by means of a liquid rheostat. For 
the 14 mph. speed all motors are connected in parallel, 
having the eight pole motor combination and for the 28 
mph. speed they are also connected in parallel but with 
the four pole motor combination. 

The locomotives are equipped with unit switch type 
of control and arranged for the simultaneous operation 
of the two units from the control end of either. 

The control equipment is built for handling alternat- 
ing current, which is collected from the 11,000-volt line 
by the pantagraph trolleys. This current is fed to the 
main transformers through an oil type circuit breaker. 
A phase converter is connected to the low tension side 
of the transformer and operates constantly when the lo- 
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comotive is in service. To its extended shaft are coupled 
a blower for cooling the motors, transformers and other 
parts, and, through a clutch the air compressor. The 
converter is an induction motor with a short circuited or 
cage wound secondary having two windings on its stator, 
one to drive the rotor and the other to furnish current 
out of phase with the main supply current. 

The motor circuit of the primary winding of this con- 
verter is connected across the secondary of the locomo- 
tive transformer and receives current at 725 volts. The 
arrangement of windings is such that with the converter 
running, a current of 90 deg. phase displacement is in- 
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Fig. 12. Diagrammatic Sketch of the Phase Converter. 
How Single Phase Current.is Used to Operate 


Three Phase Motors. 


Showing 


duced in the second winding on the primary of the con- 
verter. By connecting this displacement circuit to the 
middle tap of the main transformer, a three phase cur- 
rent is produced by the ordinary two-phase three-phase 
method of connection. It is only necessary to convert 
a portion of the current used in the main motors as a 
large portion comes directly from the main transformers. 

For starting the converter a single-phase series com- 
mutator type motor is mounted directly on the shaft of 
the converter. 

The phase converter is forced ventilated, having a con- 
nection at its center to the main ventilating air duct of 
the unit. 

Two trolleys are mounted on the roof of each unit; 
they are of the well known pantagraph type, but are 
unique in that they have been arranged so that if neces- 
sary they may be fitted with end horns which will au- 
tomatically fold in when the pantagraph is lowered by 
the tunnel trolley. wire. 

On each unit there are four liquid rheostats, one for 
each motor. The rheostats are operated in pairs, each 
pair having in common, one storage reservoir and cool- 
ing tower, one circulating pump and one operating mech- 
anism. The liquid rheostats provide the motor circuit 
resistance required in order that the speed of the motors 
may be slow at starting and may be gradually increased 
as the resistance is cut out of circuit, 
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The essential elements of each rheostat are a cast iron 
tank in which are mounted electrodes consisting of cer- 
tain metal plates connected to the motor and another set 
of such plates adjacent thereto and connected to ground; 
a hollow plunger, located at the center of the tank for 
regulating the height of the liquid and which is raised 
or lowered by an operating mechanism; and a motor- 
driven centrifugal circulating pump by which the liquid 
is continuously circulated to prevent excessive heating, 
the liquid being forced up through the bottom of the 
tank and over the top of the hollow plunger when the 
plunger is raised and back through the inside of the 
plunger to the storage reservoir. 

A rheostat similar to this made by the Italian Westing- 
house Company was described in the March number of 
the RatLbway ELectricAL ENGINEER in connection with 
the electrification of the Italian State Railways. 


To keep the temperature of the circulating liquid as” 


low as possible, a portion is bypassed through a cooling 
tower containing a series of trays so arranged that the 
liquid will flow over them in a thin sheet and be cooled 
by air from the main ventilating duct to which the tow- 
ers are connected. 

For the purpose of cooling the various pieces of ap- 
paratus, there is a 86-in. Sirocco fan mounted on the 
shaft of the phase converter, and arranged to deliver 
the air to a duct built into the cab floor under the deck. 
The duct runs lengthwise through the cab and is ar- 
ranged with openings at various points where connec- 
tions are made to the traction motors, phase converters, 
cooling towers, etc. 

The electrical equipment has been designed to provide 
for electric braking on grades by regeneration, both for 
the purpose of safety and economy of operation. These 
features bring about a decrease in the wear and tear on 
the brake equipment and a reduction on the demand on 
the power system, provided, of course, regeneration takes 


ape 
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place at the same time that power is required for other 
purposes. 

The following tables show the principal dimensions 
and weight of each complete locomotive : 


Ft. In 
engen OV eral] pene ee mre nee reat ans tay 105 8 
Drivine wheel paseatotaleeme 2. te 83 10 
Rvstdewh cel basepairs a eee es ee 11 0 
Ledeks wheel bagepeeee ae e 16 6 
Height, rail to pantagraph (locked) ............ 16 0 
EHetcht, rail to toprou cab. (imaxiimtm) 7.2 ee 14 9 
Witchery eral lenient) eee tee es ee 11 6% 
Wietnover cab ipadyie re sect ete | 10 3 
Diameter of iditirvige cwiieels ost koe ccs cakt anes 62 
bamieret of PONY cw Wee snes dnc sh eae. teins ecco 30 
Wisieht on driversmeam sees 220 tons 
MopaleweichtLotmocomotivenmem tle ss eter ciere 270 tons 


The following tables show the performance of these 
locomotives under varying conditions of load: 
Train on Train on Train on 


ded atid) 2 1 0.4 per 
DeEWCents per cent.) Cent 
grades grades grades 
Weight of train,-tong. =... 3,250 3,250 3,250 
Wocomotives pemetraine =. 2 1 1 
Approximate speed, miles per 
IOUte |. ...:.\.. en eee een 14 14 28 
Drawbar pull per locomotive, 
pounds ....2 See 
Unitorm - acceterationmset) es. 91,800 114,000 79,400 
LEME SCCa Moe? Wear Can, eal. Wey = a ee 
At speed on 1 per cent. grade. _...... 85,500 ee 
mtespeed on 0:4 ipenmcenirorades meee oe 4,600 
Maximum guaranteed accelerat- 
ing tractive effort per locomo- 
[shee RTS Se ka ce 133,000 133,000 90,000 
Approximate maximum guaran- 
teed H. P. developed by mo- 
tO ce... dee a 5,000 5,000 6,700 


On tests and in service the locomotives have developed 
a drawbar pull considerably in excess of the guaranteed 
maximum. The highest record with the dynamometer 
car being 180,000 pounds. This corresponds to an ad- 
hesion of about 40 per cent. 


‘lectric Car Lighting 


By EE. S. McNab 


Inspector of Electric Car Lighting, Canadian Pacific Railway. 


The problem of lighting passenger equipment by 
electricity is comparatively new on this continent, al- 
though in Europe and the British Isles it has been the 
practice for about twenty-five years. However, the 
rapid increase in the number of equipments applied in 
North America, during the last few years, has to a 
great extent compensated for the relatively late start. 

A perusal of Fig. 1 will show the number of electric- 
lighted cars in service in the United States and Canada 
in 1911 and 1914 respectively. It is noticeable that in 
1911 the Canadian Pacific Railway had only 68 electric 
lighted cars, whereas this figure has now been increased 
to 380, which includes 100% of the compartment sleep- 
ers and observation cars, 85% of the modern sleepers 
and 60% of the total numbers of diners, the remaining 
gas lighted cars of these classes are being converted 
as the cars receive general repairs. The large increases 
on the Pennsylvania, New York Central and Hudson 
River, and N. Y., N. H. & H. Railways are probably 
due to the tunnels by which they enter New York 
City, gas or oil lighted cars not being permitted to 
enter either of these terminals. From the foregoing 
figures it is apparent that there is a strong demand for 


electric lighting in our passenger cars, and also that the 
railway companies are meeting it in a liberal spirit. 


Table Showing Increase in Electrically Lighted Cars, 
1911 to 1914. 
Number Number 

of Cars of Cars Increase 

Equipped Equipped in Cars 

Railway Company 1911 1914 Equipped 
Boilman: Compativaaeeee 2,400 5,800 3,400 
Pennsylvania R. R., E.... 902 1,924 1,022 
inennsylvatia Re RR. eVeeee 516 714 198 
Nip Vans (G7: © EL Ra eee 202 1,007 855 
DeeteroN. Hi. Sor rae 350 410 50 
Wenieh Valleys: | ace 81 384 303 
Great Northert:...- eee 480 650 190 
Total.in United States.. 10,925 18,572 7,647 
Canadian: Pacines ky saeeree 68 359 291 
Grangeurinic 1). eas 84 164 130 
Grand “Prunk® Pacifics. sea. {ee 72 
Canadian Northern ....... 14 226 212 
, Lotal in Canada........ 116 821 705 


Note: Figures of other roads not included. 


_ I will next endeavor to explain the methods adopted 
in lighting cars by electricity, and I will divide them in 
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three main systems, namely, Straight Storage System, 
Head End System, and Axle System, and a brief de- 
scription of each may not be out of place. 


Straight Storage System. 


This equipment consists of a set of storage batteries 
contained in battery boxes under each car, the batteries 
being connected to the lamps by the usual wires and 
controlled by a single switch or switches. This is cer- 
tainly the simplest method of lighting, but when we in- 
vestigate its methods of operation we begin to get 
into difficulties. 

In the first instance, the batteries have,.to be charged 
at each terminal, or at least after every eighteen to twen- 
ty-four hours of lighting, which necessitates the car be- 
ing held in the terminal yard for a period of from six 
to ten hours, depending on the condition of the batteries 
on arrival. 

It is interesting to note that at one of the New York 
yards 350 outlets have been installed, each outlet hav- 
ing a separate pair of wires back to the switchboard 
in the power house, No. 8 cable being the smallest size 
used. Power is obtained from three 250-k. w. motor- 
generator sets, giving 110 and 220 volts. The switch- 
board arrangement is also considerably complicated 
due to the large number of individual circuits which 
have to be controlled. 

It is interesting to note in passing that an attempt 
has been made to reduce the lengthy period of charge 
by increasing the charging rate by the use of the Wil- 
son battery. This battery is so constructed that it can 
be charged at 1,000 amp. rate for a short period, but 
as is apparent, this high rate involves specially heavy 
charging cables throughout the yards, and also special 
fittings on the cars. It has been adopted to a limited 
extent on the Erie railroad on its suburban trains, but 
its non-adoption by any of the other roads indicates 
that its disadvantages overbalance its advantages. 


Head End System. 


This system as its name implies consists of a steam 
driven generator in the baggage car, located as close 
to the locomotive as possible. This system is in use 
on most of the roads running west of Chicago, and 
on “Limited” or solid trains, gives good service. The 
equipment consists of a 20 or 25 k. w. turbo-generator 
located in the baggage-car, driven by steam from the 
locomotive, a control switchboard is installed from 
which three main cables run overhead throughout the 
trains. As the turbine must necessarily be stopped dur- 
ing change of engines or while standing in a terminal 
before the locomotive is coupled up, it is therefore nec- 
essary to install a certain number of storage batteries 
on the train which will carry the lighting load during 
the above-mentioned periods. 

It is the Northern Pacific practice to install 200 
amp.-hour batteries on the postal car, dynamo car, 
standard sleepers, and observation car on each train. 
On most of the roads using this system the baggage- 
men are trained to operate the electrical equipment 
and after showing a certain proficiency by means of 
examinations, receive higher pay. I am advised by 
several of the electrical engineers that these men are 
giving satisfaction; some roads, however, still contin- 
ue to employ train electricians. 

The chief disadvantage of this system is the want 
of flexibility and this is felt where trains have to be 
remarshalled at junctions and cars switched off on 
branch lines; this leads to the necessity of equipping 
a large proportion of the cars on every train with bat- 
teries, increasing the capital and maintenance costs. 
Another disadvantage is the high steam consumption 
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which the turbine accounts for, and our experience in 
Canada points to considerable difficulties from this 
source during the winter months should this system 
ever be tried. 

Axle Generator Systems. 

This comprises a generator driven by means of a belt 
from the axle and a set of storage batteries which 
supply current to the lamps when the train is at rest. 
As this equipment is applied to each car it follows that 
it is an individual unit and can be transferred to any 
line in any class of service without any adjustment 
of the apparatus being necessary. 

In describing the methods of operation of the various 
patent systems used, I will begin by pointing out that 
the design of an axle device involves the overcoming 
of five problems; (1) The reversal of polarity, due to 
the change in direction of rotation of the armature, 
when the car reverses the direction in which it runs; 
(2) The maintenance of a constant output in watts 
or horsepower, irrespective of the speed of the train, 
after the generator reaches its maximum, which is 
twenty-two to twenty-five miles per hour; (3) The 
lamp voltage must be held constant at the normal volt- 
age which is thirty in the United States, and generally 
twenty-four in Canada, while the generator is run- 
ning at a voltage of forty in the United States and 
thirty in Canada; (4) The batteries must receive a 
sufficient charge to replenish the loss of current con- 
sumed at terminal stops, but at the same time must not 
overcharge them; (5) An automatic arrangement must 
connect the generator to the batteries when the speed 
of the train is such that the generator voltage is equal 
to the battery voltage, and disconnect them when the 
speed falls below that point. To meet the foregoing 
conditions there are about a dozen patent systems in 
use in Europe, none of these have ever been adopted 
in this country, with the exception of the Stone Sys- 
tem, which is extensively used in Canada. In the Uni- 
ted States there are five principal systems, namely, 
the “Safety,” “Gould,” “Consolidated? 3 mired 
States,” and the “E. S. B.”. I will give a short descrip- 
tion of the operation of each but I will refrain from 
making any criticisms as to their advantages or dis- 
advantages, as it is not my intention to boost or criti- 
cise any of the systems, all of which have their good 
and weak points. 

The Stone System. 

As the Stone System is more in evidence in Canada, 
I will begin with it. 

1. Change of Polarity: This is effected by means of 
a rocking arm which is turned through an angle of 
about thirty degress by a friction gear attached to the 
end of the armature shaft. 

2. Constant output is maintained by means of sus- 
pending the generator out of centre and Ly means of 
a tension screw in the suspension, so that it is possible 
to vary the tension of the belt to give the desired watt 
output. This method of regulation appears at first 
sight to be rather crude, but it is surprising how well 
it acts in actual practice. 

3. Lamp Voltage Control is obtained by the use of 
two batteries, one being charged while the other 
“floats” across the lamps. The floating battery and 
lamps are supplied with current from the generator 
through fixed resistances in multiple, which are con- 
nected so that when certain circuits are switched on, 
a resistance is also switched in multiple with the 
others; by this means it is possible to obtain close reg- 
ulation with a varying lamp load. 

4. Battery Overcharge: By means of specific grav- 
ity tests of the batteries, it is impossible to regulate the 
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tension of the belt so that the total output on the trip 
will take care of the lamp consumption and at the same 
time keep the batteries fully charged. A _ battery 
change-over switch is also used to reverse the charg- 
ing and regulating battery at each stop. 

5. Automatic Switch: This is operated by means 
of a governor attached to the end of the armature 
shaft, in conjunction with the friction gear and rocking 
arm mentioned above, operating a switch, which closes 
when the generator voltage equals that of the battery. 
The keynote of this system is simplicity, all the mov- 
ing parts being contained in the dynamo, and can be 
readily changed if necessary. The switchboard con- 
tains only the main and circuit switches, also branch 
fuses. It is therefore impossible for the train crew to 
cause any damage to the equipment through careless- 
ness or otherwise. 


The “Safety” and “Gould” Systems. 


I will treat the Safety and Gould equipments togeth- 
er, as they have many points in common. 

1. Change of Polarity: This is effected in the Safe- 
ty system by_means of rocking the brush holder 
through an angle of ninety degrees by means of the 
friction between the brushes and the commutator. In 
the Gould system a double-throw switch is operated 
by means of a “dog” attached to the end of the arma- 
ture shaft engaging a cam when the direction of the 
rotation is changed. 

2. In both systems the voltage of the generator is held 
constant by a voltage coil connected across the brushes, 
this coil operating a solenoid which, by means of a lever, 
reduces the pressure in a carbon pile in series with the 
“field.” 

3. Lamp Voltage Control is obtained by inserting a 
carbon pile in the lamp circuit, the pressure of the discs 
being regulated by means of a solenoid connected across 
the lamp mains. As the voltage increases the solenoid 
operates and reduces the pressure on the pile, increasing 
the resistance in the circuit. In the Gould system a pilot 
or small carbon pile is introduced to operate the large 
carbon pile with the object of giving finer adjustment in 
the system ; the main pile is short-circuited when the car 
is at rest, and allows the battery to feed the lamps direct. 

4. Battery Overcharge: In both systems the voltage 
of the generator being maintained constant, as the bat- 
tery becomes charged, its voltage rises until it is practical- 
ly equal to that of the generator. when the charge is re- 
duced to about three amperes. A series coil introduced 
in conjunction with the voltage coil of the generator reg- 
ulator, operates the carbon pile in the field, preventing the 
output exceeding a predetermined amperage which would 
occur in the case of the generator becoming connected to 
a discharged battery. 

5. Automatic Switch: Is electrically operated, a volt- 
age coil being connected across the brushes which lifts a 
switch when the generator voltage reaches that of the bat- 
tery. 

Both systems have been applied to a large number of 
cars in the United States. 

The “U. S. L.” System 

The United States lighting system provides for the 
- change in polarity of the generator by rocking the brush 
holders through an angle of ninety degrees. The gener- 
ator regulation is controlled by a carbon pile in series 
with the field, which is operated by means of a solenoid 
composed of a series and shunt-winding. The lamp reg- 
ulation is also taken care of by a carbon pile in series 
with the lamp circuit, which is operated by a shunt coil 
connected across the lamp mains. 

The chief feature of interest in this system is the con- 
trol of the battery charge by means of the ampere hour 
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meter. The meter is located in series with the batteries 
and when they are being discharged the indicating hand 
travels over a circular dial in clockwise direction and dur- 
ing charge in a reverse direction. The scale reading 
from 0 to 400, the position of the pointer indicates at any 
moment the amount of discharge, zero being the full- 
charge mark. When the hand of the meter travels back 
to zero, which shows full charge, it operates a small 
switch, which, by means of a relay, reduces the generator 
voltage to the lamp voltage, from 40 to 30 volts, cutting 
down the charge to the batteries. The meter is so con- 
structed that it reads 20% slower on charge than 
discharge, which accounts for the necessary excess of 
charge over discharge required. The Pullman Co. have 
applied this arrangement to several hundred cars and I 
am advised that so far the results have been satisfactory. 


The “Consolidated” System. 


The later Consolidated equipments have a similar ar- 
rangement embodying the use of the ampere hour meter, 
and with this equipment metal resistance grids are used in 
the field of the generator and lamp regulator instead of a 
carbon pile. A worm gear operated by the armature 
shaft in conjunction with a double-pole two-way switch 
effects the change in the polarity. 


The “E. S. B.” System. 


The E. S. B. system presents several features of in- 
terest, using the Rosenberg generator on which the main 
brushes are short-circuited, the armature current being 
collected from two main brushes at ninety degrees to the 
auxiliary short-circuited ones, the polarity of this gener- 
ator always remaining the same. The generator voltage 
is maintained constant, irrespective of speed, by a wheat- 
stone bridge connected across the field, and as this volt- 
age is at 36, charging 16 cells in series, it is claimed 
that it is impossible to overcharge the batteries. Owing 
to this low charging voltage, the lamp regulator used in 
other systems is dispensed with. It is necessary, how- 
ever, to use 34-volt lamps, which are not a standard. The 
principal claim of this system is that there are no moving 
parts on the generator regulator except the automatic 
switch, and that it gives the battery good treatment. The 
system has been applied to a number of cars on the Santa 
Fe Railway. 

Storage Batteries. 

There is no doubt that if a number of electricians 
who operate electric-lighting equipments were asked to 
name the details which cause the most trouble, I am 
sure 90% would reply, “The batteries.” It must be un- 
derstood first that the battery is not a source of power, 
but simply retains electrical energy when charged from 
the axle generator of yard plant. It is composed of a 
number of positive and negative lead plates, which are in- 
sulated from each other by means of hard rubber or wood 
separators, these plates being immersed in a solution of 
sulphuric acid, and the whole contained in a lead-lined 
crate. Each set of plates are burned on to a bridge to 
which lead lugs are attached for connecting to the next 
cell. The method of determining the state of charge is 
usually by means of the hydrometer, the fully charged 
density varying from 1.215 to 1.225; the density at dis- 
charge being from 1.125 to 1.150, suitable hydrometers 
with glasses and tubes being specially manufactured for 
the purpose. The voltage test is also used, a fully 
charged cell reading 2.2 volts on discharge and gradually 
dropping to 1.8 volts per cell on full discharge. The ca- 
pacity denends on the area of these plates, and as a rule 
in car lighting service, varies from two hundred and fifty 
to three hundred and fifty ampere-hours at the eight-hour 
rate. The dimensions of the cells principally used in Can- 
ada are 13% inches long, 754 inches wide and 19 inches 
high, capacity 315 ampere hours, weight, 163 pounds, so 
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that a double battery of twenty-four cells will weigh 1.9 
tons. 

To maintain a storage battery in. good working condi- 
tion it should, as far as possible, receive about 20% 
more charge than discharge, but continuous over- 
charging will cause the plates to buckle, also create 
an excessive deposit of sediment, either of which will re- 
sult in short-circuiting the plates, causing the cells to lose 
‘their charge and become “dead.” Overcharge will also 
‘increase the evaporation of the electrolyte, which, if not 
replaced by adding water, will also result in damage. The 
ill-effects of undercharge are also to be noted, as, owing 
to the action of the acid on the plates, in a discharged 
condition a sulphate of lead is formed which will have 
the effect of reducing the capacity of the cell which may 
be removed by a continuous slow charge. 


Another source of trouble is due to the current leaking 
to earth through the lead-lined tanks, which will take 
place if the bottoms of the cells are allowed to remain 
wet. At the point where the leakage takes place in the 
lining an electrolytic action follows, which eventually 
produces a hole in the lining, allowing the acid to leak 
away; this happening in one cell will probably start the 
rest in that battery box. To prevent this, care should be 
taken to keep the outside of the cells and floor of the bat- 
tery boxes as dry as possible and well insulated from the 
iron work of the cars. 

The Edison Battery. 


Before leaving the subject of batteries, I would refer 
-to the Edison battery which has been in the market for 
several years and to date has given favorable results. The 
general construction of the battery contains many differ- 
ent details to that of the lead type. The positive plates 
‘consist of several perforated steel tubes filled with nickel 
hydrate and metallic nickel plate. The negative plates 
consist of flat pockets of perforated steel, nickel plated, 
which are filled with metallic iron. The electrolyte con- 
sists of potassium hydrate in solution, with a small quan- 
tity of lithium hydrate. The elements are sealed in the 
containers, the cell lids being welded to the sides so that 
it is impossible to open the cell, which is unnecessary, 
owing to the tube and pocket construction of the plates, 
preventing any deposit of sediment. For flushing the 
battery, distilled water is required, as any chemical im- 
purities introduced into the batteries will be fatal to their 
life. The electrolyte will last for two years, so that the 
only work necessary to be done on the batteries during 
this period is to keep them flushed and clean. The re- 
newal of electrolyte is effected by pouring out the old so- 
lution and replacing it with new solution; this can be car- 
ried out in any yard. Owing to the falling off in capacity 
due to cold temperature, it is advisable to keep the battery 
boxes as air tight as possible and if this is done, trouble 
should not be experienced from this source. One of the 
chief drawbacks to the use of this battery is its cost, as, 
owing to the voltage of each cell being 1.2 volts as 
‘ against 2.0 volts in the case of the lead battery, it neces- 


sitates the use of thirty-eight cells to take the place of, 


twenty-four cells of the lead type. This increases the cost 
to approximately twice that of the lead battery. One 
point which should not be overlooked is the saving in 
weight, a set of thirty-eight Edison batteries (type A. 8. 
H.) weighing 973 pounds, as against 3,360 pounds (the 
‘weight of twenty-four lead cells), making a saving of 
2387 pounds per car. This saving in weight renders 
this battery easier to handle, and also saves in haulage. 


Organization. 

The question of organization directly interests any rail- 
way which operates electric lighting equipments and it is 
only by having a proper system of inspection and records 
that efficiency in operation and cost will be obtained. 
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In the past it was usual for a railway company to in- 
stall a number of equipments, the installation being made 
by the car builders without any check or inspection what- 
ever, and when placed in service an electrician was em- 
ployed in the terminal yard to maintain them. General- 
ly speaking, as long as the lights in the cars did not fail 
no particular attention was paid, and after a year or eight- 
een months, it was found that perhaps the batteries were 
worn out and required renewal and the generators were 
in a more or less damaged condition. The equipment 
was usually blamed and the next order given to a com- 
petitive firm. But since electric lighting has become more 
general systematic organization has been adopted with a 
study of the defects and their causes which arise from 
time to time. A few figures may serve to illustrate the 
effects of closely watching the performance of the equip- 
ments. Take, for example, a road with five hundred cars 
of all classes equipped and supposing by careful study 
and experiments we reduce the lamp consumption by one 
lamp per car per month, we effect a saving of $225 per 
month, or $2,700 per annum. 

Again, taking the battery situation, a conservative esti- 
mate will place the life of a set. at five years. Assuming 
we have a twenty-four batteries per equipment, and we 
increase their life by one year, we have, taking cost of 
battery as $630, as follows: 


Depreciation AULD] VEALSH se coon) abe $126 per annum 
Depreciation at 6 years 105 per annum 


CC ec ey 


Saving, Per Car. ..akeesns see noes 3 8) Oden 


Table showing in electrically lighted cars, 1911- 1914: 

Multiply by five hundred cars, and we have $10,500 per 
annum saved. 

Again, take the question of belt-life. A saving of one 
belt per car per annum will approximate $5 per annum 
per car, or $2,500 per annum on five hundred cars. 

Summarizing we have: 


Saving of 1 lamp per car per Saving 
month 2, dounes te ee arate $ 2,700 per annum - 
Extending the life of batteries by 1 
VEAL: J. Auster oer seas woes teeter meres eee 10,500 per annum 


Saving 1 belt per annum per car.. 2,500 per annum 


‘Totaltsavino a: peer ee nee ene $15,700 per annum 


The above reasoning can be applied to all the various 
details of the equipments which would considerably in- 
crease the total amount saved, but these figures in them- 
selves show what may be accomplished by good manage- 
ment and organization. . 


Suspensions. 


The generator suspension should be closely checked up 
with the object of providing for sufficient belt clearance 
and it will repay any railway company to give this point 
due consideration, as it is no idle statement that fully half 
the light failures and lost belts are due to insufficient 
clearance. 


The American systems all favor a truck suspended gen- 
erator and as they weigh approximately 650 pounds, the 
suspension members have to be heavy, causing addition- 
al weight on the truck. With the Stone system the gen- 
erator 1s suspended on the body of the car, and I would 
also add that the Safety Car Heating and Lighting Com- 
pany have perfected a body suspended generator which 
operates in a similar manner to their truck-suspended 
type, but weighs 176 pounds less. The advantages of the 
body-suspended generator are (1) Lighter suspension; 
(2) Generator located higher from track, and less liable 
to injuries from loose stones. etc.; (3) Can be inspected 
or removed with greater facility; (4) Longer drive, giv- 
ing better efficiency. 
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Electrical Equipment ofthe Belt Line 
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Railway of Chicago, Shops and 


= al oN“ 
Yards, a 


The recently completed freight yards and shops of 
the Belt Railway of Chicago, located at Clearing in 
the southwestern portion of the City of Chicago, are 
an excellent example of the application of electricity 
to the many demands of the modern railroad shop and 
terminal. 

The yards are about four miles long, extend in a gen- 
erally east and west direction, and are intended to 
handle the interchange of freight cars between the 


Fig. 1. Synchronous Motor Generator Sst for Correcting Power 
Factor of the Generator System and for Furnishing D. C. 
Current for Variable Speed Motors. 


various lines which are part owners of the Belt Rail- 
way of Chicago. The yards have a normal capacity 
of about 4,000 freight cars daily in each direction and 
are, perhaps, the largest single facility in this country 
for the handling of freight cars. 

The requirements of this huge terminal which was 
designed for continuous handling of freight traffic 
with a minimum of delay and expense, called for pro- 
vision of facilities for making repairs to locomotives 
of the Belt Railway and freight cars handled through 
the terminal and a unique combination of transporta- 
tion and mechanical plant wherein extensive use could 
be made of electricity. 


Use is made of electricity in the operation of this 
terminal for the following purposes: 


YARDS. 


Lighting of freight yards and buildings. 
Operation of switches and signals at hump. 
Pumping water. 

Testing and charging of air brakes on trains. 
Operation of turntables. 


SwHops. 


Yard and building lighting. 
Operation of shop machinery. 
Operation of turntable. 
Hoisting coal. 

Hoisting cinders. 

Pumping sewage. 

Pumping fuel oil. 


Yuma 


t Clearing, III. 


Power House. 


The power house is a building constructed about 
twelve years ago and contained equipment which was 
installed to furnish steam, compressed air, water and 
electricity for operation of a freight yard which was 
built at that time and which was entirely replaced by 
the present yards. Electricity and water also was 
furnished to an adjacent industrial district and the 
municipality of Clearing until operation was taken 
over by the Belt Railway within the last year. 

To adjust the power house equipment and arrange- 
ment to the requirements of the new yards and shops 
it was necessary to make some changes in and addi- 
tions to the existing apparatus. Before this was 
done, a careful and thorough investigation was made 
as to the advisability of purchasing electricity for 
lighting and power from the public utility company 
serving this territory. Owing to the necessity of 
making an increase in boiler capacity even in the 
event of purchasing power, the existence of 700 k. w. 
generator capacity in good operating condition and 
three steam driven air compressors which were not 
suitable for operation with electric power and exten- 
sive alterations to piping occasioned by service since 
installation, it was found that no appreciable reduc- 
tion could be made in labor costs and that for this 
particular installation the excess cost of operation 
with purchased power would be something over five 
thousand dollars per year. - 

The existing power equipment in the power house 
consisted of the following apparatus: 


2—150 k. w., 3-phase, 60-cycle, 2,300-volt, engine- 
driven generators. 

1—400 °k. w., 3-phase, 60-cycle, 2,300-volt, engine- 
driven generators. 

1—1,300 cubic foot capacity steam-driven air com- 
pressor. 

1—700 cubic foot capacity steam-driven air com- 
pressor. 

1—200 cubic foot capacity steam-driven air com- 
pressor. 

1—10x14x12 duplex steam-operated service and fire 
pump. 

1—10x14x12 duplex steam-operated service and fire 
pump. 


2—8x6x10 duplex steam-operated boiler feed pumps. 

2—200 h. p. B. and W. water tube boilers with chain 

grate stokers. 

2—300 h. p. B. and W. water tube boilers with hand 

fired. 

1—500 h. p. feed water heater. 

1—5-panel marble switchboard. 

All generators were excited by individual belt-driven 
machines operated from the engine shafts. Boilers 
were served by a self-supported steel stack, brick lined, 
6 feet diameter by 125 feet high. 

In determining what alterations should be made in 
the power house equipment to meet the requirements 
of the shops and yards, after a careful study was made 
of the motor and lighting loads and the probable de- 
mand from these sources, both maximum and con- 
tinuous, for different periods of the day during differ- 
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ent seasons of the year, it was found that the existing 
generator equipment, by taking advantage of power 
factor correction by means of a synchronous motor, 
as shown in Fig. 1, would be sufficient in capacity to 
meet all demands for a period estimated at five years. 
At the end of this time it was reasoned that the small- 
er generators would have outlived their usefulness 
and could be replaced with a large machine of suitable 
design and capacity. 

The three belted exciters were replaced with one 


et 


Fig. 2. Interior of Transformer House. Note the Copper Tube Bus 
Construction Overhead. The High Tension Buses are Painted 
Red and the Low Tension Buses are Painted Blue as Shown. 


25 k. w. motor-driven and one 25 k. w. turbine- 
operated unit, each capable of carrying full load on 
the generators, the motor-driven machine being pro- 
vided for normal operation and the steam-operated 
apparatus for starting duty and relieving the motor- 
driven unit during emergency periods and when ex- 


Fig. 3. Distribution Panel Mounted in the Gallery of the Machine 


Shop for Controlling Power and Lighting Circuits. 


haust steam from the turbine could be used to advan- 
tage for heating. 


Switchboard. 


An old switchboard of poor design was replaced 
with one laid out to meet the requirements of the 
plant and to obtain a minimum of hazard in handling 
the 2,300-volt current. The new board is composed 
of 11 slate panels divided as follows: 


VokAGeNo. | 


3 Generator panels. 

1 Exciter panel. 

3 Feeder panels. 

1 Tirril regulator panel. 
3 Series Arc Panel. 


Rheostats and grids for generator and exciter con- 
trol are located in the basement beneath the board. 
Three air-cooled single-circuit constant current trans- 
formers for the series arc circuits in the freight yards 
together with the station and signal system power 
and lighting transformers are placed in the basement 
under the switchboard. 


The work accomplished on the electrical equipment 
in the power house is a good example of what can be 
accomplished by good design and arrangement in 
bringing an old plant of mediocre character to meet 
the requirements of modern practice as regards record- 
ing the amount of current used for various purposes, 
switching arrangement to insure continuity of oper- 
ation and safety to power plant employes in operat- 
ing the generators, switchboard and accessory appa- 
ratus. 

The design and character of work behind the switch- 


Fig. 4. A Motor Driven Draw-cut Shaper. 
the Motor, Starting Box, Resistance Grids, Etc. 


Note the Location of 


board is extremely high class. Special attention has 
been given to appearance of parts usually neglected 
or considered of no importance and as a result the 
appearance of the rear of the board is entirely in 
keeping with the apparatus located on the front of 
the panels. 


In remodeling the steam end of the plant, a 450 
HP. Babcock and Wilcox water tube boiler was added, 
one of the 300 h. p. boilers was increased in capacity 
to 450 h. p. by addition of the necessary amount of 
tube heating surface, bringing the total capacity of 
the plant to 1,500 boiler horsepower with the neces- 
sary draft facilities for maintaining generous over- 
loads. The old style stack was dismantled and re- 
placed by a Weiderholt tile and reinforced concrete 
chimney 7 feet in diameter by 200 feet high. A 2,000 
horsepower Blake-Knowles feed water heater of the 
open type, a 14x9x12 duplex Blake-Knowles pump of 
the outside end packed pop valve type and a 300- 
gallon-per-minute Platt centrifugal pump operated by 
a Terry steam turbine were installed to replace the 
500 h. p. heater and the small reciprocating pumps for 
heating and handling the boiler feed water. Chain 
grate stokers were placed under the new and remod- 
eled boilers. 


June, 1915. 


Power Generation and ‘Distribution. 

All electricity used for power and lighting purposes 
is 3-phase, 60-cycle current generated at 2,300 volts. 

All alternating current motors are operated on 3- 
phase, 440-volt, and the direct-current motor equip- 
ment is for 220-volt operation. 

Power for yard lighting, operating air compressors, 
turntables and pumps in the freight yards is carried 
on overhead construction between tracks of the yards. 
Power for use in the shops after leaving the power 
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shops and lighting shop yards. Distribution of power 
to the other buildings of the shop group and for light- 
ing the shop yards is carried overhead on steel towers 
and wood poles, the latter also serving as supports 
for the gas-filled mazda lamps which are used for 
lighting the shop yards and tracks leading to the 
roundhouse. 

All lighting and power circuits leaving the distribu- 
ting board are 440-volt, 3-phase, separation and trans- 
formation being effected at centers of distribution, 


Fig. 5. Night View Taken Without Flash in the Light Bay of the Machine Shop. Note the Great Detail with Which All Objects May 


Be Seen, Also the Uniformity of the Illumination and the Complete Absence of Shadows. 


150-watt Mazdas are Mounted 16 ft. 


High in Enameled Steel Reflectors. 


house is transmitted over two 3-phase, 2,300-volt, 3- 
conductor Kerite lead-covered cables, which are car- 
ried through Johns-Manville fiber conduits laid in one 
of the walls of the concrete pipe tunnel which con- 
nects the various buildings with the power house. 
Where changes in direction occur in the tunnel cast 
iron waterproofing pull boxes of special design are pro- 
vided. Leaving the tunnel these cables are carried 
to a transformer house located adjacent to and sepa- 
rate from the locomotive shop. In this house which 
is of fireproof construction throughout and has spe- 
cial provisions for ventilation, as shown in Fig. 3, 
current for power and lighting all shop buildings and 
yards except the locomotive shop is transformed from 
2,300 to 440 volts. Current for lighting the locomo- 
tive shop is transformed from 2,300-volt, 3-phase, 3- 
wire to 190/110-volt, 3-phase, 4-wire in this structure. 
Three 150 k. v. a. 2,300/440-volt, single-phase, oil- 
cooled transformers arranged so that load may be 
carried on two or three units are used for the power 
and lighting load excepting the locomotive shop. 
Three 20 k. v. a. 2,300/220/110 G. E. transformers are 
used on the 3-phase, 4-wire system which carries the 
lighting load of the locomotive shop. 

From the transformers, two 440-volt, 3-phase power 
circuits and one 190/110-volt, 4-wire, 3-phase lighting 
circuit are carried in lead-covered cable through fiber 
conduits in one wall of the pipe tunnel and terminate 
in a 10-panel distributing switchboard located in the 
gallery of the machine shop as shown in Fig. 3. This 
switchboard contains a full equipment of watt meters 
for registering the power consumed in the various 


lighting transformers being located on one of the steel 
transmission towers and in a few instances on poles. 

All wiring inside buildings is in sherardized con- 
duits and Appleton Electric Co., “Unilets” are used 
throughout the entire installation. 


Locomotive Shop. 


From the main distributing board in the gallery 
3-phase, 440-volt current is carried throughout the 
shop for operation of alternating current motors. 

Located in the tool room enclosure on the ground 
floor is a 100 k. w., 220-volt Westinghouse direct- 
current motor generator, the motor end of which is 
a 440-volt synchronous motor with separate exciter 
direct connected to the motor shaft. This motor gen- 
erator set, as shown in Fig. 1, was provided primarily 
for current factor correction and to take advantage 
of the well known characteristics of a synchronous 
motor generator set operating under mechanical load 
and of obtaining a suitable amount of 220-volt con- 
tinuous current for operating direct-current motors 
for machine tools where speed adjustment by varying 
the speed of the motor is of prime importance. The 
operation of the synchronous motor generator unit is 
controlled from the distributing switchboard in the 
gallery as are all direct current power circuits which 
serve the light and heavy bays of the machine shop. 

Special attention has been given in this installation 
to provide an electrical equipment which is as good 
as the combination of excellent design, best of mate- 
rials and first-class workmanship would produce and 
the aim of the designer seems to have been realized 
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as the installation is probably without an equal among 
railroad shops in this country. All squirrel a. c. mo- 
tors 714 h. p. and above are equipped with starting 
compensators and overload relays. Extensive use is 
made of a push button device of special design oper- 
ating in connection with the no-voltage release at- 
tachment on the compensators, for emergency and 
easy stopping of motors. All group motors such as 
that shown in Fig. 5 may be stopped from two widely 
separated points in addition to using the compensa- 
tor in the regular manner. 

A. c. motors under 71% h. p. are started by throwing 
directly on the line, Westinghouse Type H. plain 
overload circuit breakers being used for the purpose. 
All d. c. motors are protected by the same type of 
breaker, use being made of a no-voltage release at- 
tachment where the emergency stop feature is neces- 
sary for instantaneous stopping of motor. 


wd 


Fig. 6. Night View of the Heavy Machine Bay with Erecting Bay 
in the Distance. These Bays are Lighted by Long Burning 
Flaming Arc Lights Mounted High Above the 
Crane Runways. 


Convenience and accessibility of motor control on 
machinery has received a great amount of consider- 
ation and in all cases the starting or controlling de- 
vice or connection to same are located in close prox- 
imity to the working position of the operator. 

The erecting and boiler shops which occupy one 
bay of the building, the heavy machine bay and the 
smith shop are lighted by Westinghouse multiple 
flaming arc lamps equipped with a special reflector 
designed for this installation. The lamps in the erect- 
ing and boiler bay are mounted 50 feet above the 
floor and in the heavy bay and the smith shop are 35 
feet above the floor. The lighting effect produced 
from the use of flaming arc lamps with special reflec- 
tors is particularly pleasing and the distribution is 
excellent as is indicated on the accompanying photo- 
graph taken at night shown in Fig. 6. 

The light machine bay is lighted by 250-watt mazda 
lamps mounted in Benjamin enameled steel reflectors. 
The illumination in this portion of tne building also 
is excellent, as may be seen from the night photo- 
graph, Fig. 5. 

Provisions for extension cord lighting are provided 
by numerous Westinghouse roundhouse type recep- 
tacles placed at accessible points. Recessed in the side 
walls of the erecting shop pits are placed 6 receptacles 
for extension lighting as shown in Fig: %. The recep- 
tacles in this location are well protected from mechan- 
ical injury. 


Vol. 7 Nowds 


A floor box of novel design is used for extension 
cord lighting in the boiler shop. The Westinghouse 
roundhouse receptacle is used and is so placed in the 
box that trouble from waste water used in testing boil- 


Fig. 7. Locomotive Pit in the Erecting Bay. Note the Extension 
Cord Receptacles Mounted in Recesses in the Side Wall of the Pit. 


ers is avoided. ‘These floor boxes extend down the - 
middle of the bay to avoid running long extension 
cords from the walls or columns. 


Roundhouse. 


A well designed lighting system has: been provided 
in the roundhouse which is a brick structure contain- 
ing 20 stalls measuring 90 feet from inside posts to 
inside of outer circle walls. 

Before the lighting scheme was adopted, experi- 


Fig. 8. View Showing General Illumination of the Roundhouse at 
Night. Note the Great Uniformity of this Lighting. 4 150-watt 
Mazdas in Enameled Steel Reflectors.Mounted 13 Ft. High 
Are in Each Stall Except in the Outer Ring, Where 
100-watt Lamps Are Used. 


ments were conducted at the 51st street roundhouse 
of the Chicago and Western Indiana Railroad, which 
has a cross section similar to that of the Clearing 
roundhouse. Results of these experiments, which in- 
cluded comparison of lighting effects produced with 
various forms of suspended and wall reflectors located 
at different spacings and heights above the floor, led 
to the adoption of an arrangement in which four sus- 
pended lights per stall are used, the lights being 
spaced 22 feet apart the lamp nearest the outer circle 
wall being placed 10 feet from the inside face of the 
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wall. Benjamin 14-inch enameled steel reflectors with 
100-watt mazda lamps are used for the end lights be- 
tween each stall, the lamp near the outer circle being 
placed 12 feet above the floor while the lamp nearest 
the inner circle is located 13 feet above the floor. 

The illumination provided by this lighting system 
is abundant and is very uniform, as shown in Fig. 8. 
The two inside units consist of Benjamin 16-inch 
enameled steel reflectors fitted with 150-watt mazda 
lamps. 

All wiring inside the house is run inside sherard- 


Fig. 9. Night View Taken Without Flash of the Interior of the Wood Shop. 
. With No Shadows, and the Distinctness With Which Detail May be Seen. 


ized conduit and special attention is given to protect- 
ing the wiring from the destructive action of the 
gases. 

The lighting units between each stall are operated 
on two circuits controlled by push button switches 
placed in a common receptacle unit. One switch con- 
trols the outer circle lamp and the other the remain- 
ing three units. The circle outside the roundhouse 
adjacent to the turntable is lighted by means of three 
250-watt mazda lamps placed in Benjamin enameled 
steel angle type reflectors. The lighting effect from 
these units is very good and is a decided improve- 
ment on the results obtained from the usual proceed- 
ing of using a vertical reflector, tilted. On the posts 
between stalls are placed four Westinghouse round- 
house receptacles for extension cord lighting, and 
these are arranged for connection to the current sup- 
ply independent of the push button switches control- 
ing the lighting units. 

The engine wheel drop pit extends over three stalls 
and is equipped with Westinghouse receptacles for 
extension lighting, and 25-watt lamps permanently 
placed in beveled recesses formed when the concrete 
Was poured. 

The mains for lighting the roundhouse are carried 
on the outer circle walls on Pierce galvanized brack- 
ets which are fastened to wood inserts laid in the 
brick of the wall. The three-wire, 220/110-volt sys- 
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tem is used and each circuit is fused with a double 
pole plug cut out, placed in a McFell special round- 
house box located on the wall outside of the house. 
Lights are placed over all outside circle and end wall 
door openings, the lamps being controlled by separate 
push button switches placed inside of the house. 


Wood Mill. 


The wood mill is provided with a complete equip- 
ment of machinery for manufacturing all finished 
wood stock used in the repairs of cars and locomotives 


Note the Absence of Glare, Uniformity of Illumination 


at Clearing and other points on the Belt Railway. 
Machinery for handling car wheel and axle work also 
is installed in this building. 

All machinery is driven by individual 440-volt, 3- 
phase motors there being no overhead belts of any 
description. The floor of this building is creosoted 
wood blocks with concrete base. Conduit between 
walls, columns and machines is laid in grooves in the 
concrete floor base and is easily accessible by remov- 
ing the wood blocks above, the location of the conduit 
being outlined in paint on the floor. Lighting of this 
building is effected by means of 250-watt tungsten 
units mounted in Benjamin 16-inch enameled steel 
reflectors located 15 feet from the floor. The lamps 
are operated four on a circuit, are spaced about 15 
feet apart and suspended from the trusses which are 
20 feet center to center. Control of lights is from 
a central panel box. A two-way circuit controls a 
watchman’s circuit consisting of five 60-watt tungsten 
lamps with push button switches located at each of 
the end doors inside of the building. The accompany- 
ing photograph Fig. 9 taken at night in this building 
shows a nearly ideal lighting installation for a condi- 
tion where high speed knives and saws are in opera- 
tion. Note that the reflectors screen the lamps so 
that there is no glare in the eyes of the workmen. The 
camera here gives a fair idea of the uniformity and 
effectiveness of the lighting system. 
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Boiler Washing System. 


A unique departure from usual practice is the use 
of motor-driven centrifugal pumps of the Worthing- 
ton turbine type for furnishing hot water to the round- 
house for washing out and filling locomotive boilers. 
These pumps are each operated by a 35 h. p., 1,800 
r. p. m. Westinghouse motor of the ship ring type, 
stopping and starting being effected automatically on 
variation of pressure in surge tanks by a Cutler-Ham- 
mer control panel and diaphragm pressure regulator, 
as shown in Fig. 10. 

A small motor driven pump is located in the same 
room with the boiler washing system apparatus and 
furnishes hot water for use in lavatories throughout 
the shops and offices. 

A unique method of heating the roundhouse lava- 
tory and locker room which is located under the same 
roof and adjacent to the boiler washing system appa- 
ratus consists of using a small motor-driven propeller 
fan located in an opening in the dividing wall to cir- 
culate waste heat radiated from the boiler washing 
tanks to the lavatory and locker room, 


Storehouse and Office. 


The storehouse, in the second story of which are 
located the offices of the master-mechanic and the 
store keeper, is a brick structure in which special at- 
tention has been given to lighting effects. Ceiling 
lamps with opal shades are used in all offices. The 
material cases in the storehouse are placed trans- 
versely with the building and are spaced 12 feet cen- 
ter to center. Centrally located over the space be- 
tween cases are 60 watt lamps with 10 inch enameled 
steel reflectors. The center aisle at ends of material 
cases also is lighted by similar units and an excellent 
‘illuminating effect is obtained considering the ob- 
struction to distribution offered by the cases. The 
wiring in the oil storage and handling rooms is in 
conduit with waterproof and vaporproof fixtures. 
Control of all lights in the oil storage room is from 
a panel in the settling room. 


Water Supply Pumps. 


Water for use in locomotives operating at the ter- 
minal is obtained through connection with the mains 
of the City of Chicago. To obtain a sufficient stor- 
age and uniform pressure, two booster pumps were 
installed each having a capacity of 1,000 gallons per 
minute against a 39 foot head. The pumps are lo- 
cated in a brick structure at the east end of the yard, 
are of the Worthington centrifugal volute type, each 
operated by a 15h. p., 1,200 r. p. m., 440 volt, 3-phase, 
60-cycle, slip ring type motor. Automatic control of 
the pumps is obtained by using a Cutler-Hammer 
automatic control panel. As the pumps are provided 
in duplicate, a throw-over switching arrangement is 
used to make the control operable on either pump. 
The governor is designed to allow of a maximum 
variation in head of 5 feet in the tanks and is of the 
diaphragm type. All wiring in the pump house is in 
conduit and the entire electrical installation presents 
a very neat appearance, indicative of careful work- 
manship and design. 


Drainage Pumps. 


An existing sewer at a level above that of the turn- 
table, cinder, coaling station and engine wheel drip 
pits necessitated the installation of a pump, the drain- 
age of which is effected by two 5-in. vertical shaft 
type sump pumps. These pumps are operated by 
5 h. p., 900 r. p. m. Westinghouse vertical 440 volt 
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motors and float actuated switches arranged to control 
the pumps progressively in case of heavy rainstorms 
which are common in this territory during certain 
seasons of the year. These pumps have been in op- 
eration for over a year and have given entire satis- 
faction with practically no attention, other than in- 
spection. 
Turntables. 


Three turntables are in use, one serving the round- 
house and one at each end of the yards. The tables 
are 90 feet long and each is operated by a Nichols 
electric tractor of the latest type. Each tractor 1s 
equipped with a 20 h. p. General Electric slip ring type 
motor and reversible drum type controller located 
in a neat cab above the tractor proper. Service to the 
tractor is led underground from a cutout box in the 
roundhouse, and on poles in the yard installations. 
Arrangement is provided for segregating the entire 
underground portion of the line by fused knife 
switches in the tractor cab and cutout boxes. At the 


Automatic 


Boiler 
Mounted on Panel Back of Each Motor, as Shown. 
Are Operated by an Automatic Pressure Diaphragm. 


Fig. 10. Washing Plant. Controllers Are 


These 


center of each table is a waterproof box of special de- 
sign, made of cast iron and which contains the con- 
tactor device. Special attention has been given to 
guard against interruption of service by making all 
construction heavy, permanent and waterproof. Il- 
lumination of the end of table opposite the tractor is 
effected by mounting a Crouse Hinds headlight on a 
support, suitably placed to direct light on the rails. 
The headlights are removable, a waterproof socket 
being used. 
Cinder Pit Hoist. 


The cinder pit is of the type generally used on the 
Pennsylvania Lines West. Buckets containing the 
cinders are raised and dumped by a Lidgerwood single 
drum hoist operated by a 5h. p., 1,200 r. p. m. Gen- 
eral Electric slip ring motor and a drum type con- 
troller. A limit switch is used to prevent overtravel 
of the bucket when hoisting and operates a solenoid 
brake on the motor shaft through the action of a no- 
voltage release attachment on an oil circuit breaker. 


Coaling Station. 


The coaling station is a reinforced concrete struc- 
ture having a storage capacity of 400 tons and serves 
four tracks with coal and sand. The coal hoisting 
mechanism is of the Roberts and Schaefer balanced 
bucket type using two buckets each holding 2% tons 
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and having a hoisting capacity of 125 tons per hour. 

The hoist is operated by a 20 h. p., 900 r. p. m. slip 
ring type, General Electric motor equipped with solen- 
oid actuated brake placed on one end of motor shaft. 
Operation of the hoist is entirely automatic, a Cutler 
Hammer controller of special design being used. All 
operations of stopping, starting, reversing, slowing 
down for dumping and filling buckets are performed 
with a high degree of precision on this equipment 
through switches placed in the hoisting shaft. No 
attention is required from the operator other than 
actuating a push button when it is desired to start or 
discontinue the hoisting of coal. 


Air Brake Charging Plant. 


Located in the departure yard at each end of the 
freight yards is an air compressing plant for testing 
and charging of air brakes on trains previous to de- 
parture. The compressors are vertical three cylinder 
type operated by 20h. p., 900 r. p. m.,, slip ring type 
44() volt motors. A feature of the installation is the 
use of automatic control for stopping and starting 
the compressor which enables the motor to come to 
full speed before the load is applied, an arrangement 


Fig. 11. View Showing Overhead Distribution System. 


which is very successful and has a minimum of effect 
on the voltage regulation of the line. 

The plants are equipped with reservoirs, cast iron 
atmospheric aftercoolers, water cooling system for 
the compressor water jackets. The electrical work is 
simple, of excellent design and arranged to operate 
automatically and with a minimum of attention. 


Signals and Interlocking. 


_ Current for actuating the electro-pneumatic switch- 
ing and signal apparatus serving the hump is fur- 
nished from two 20 volt motor generator units in the 
power house which operate in connection with storage 
batteries. The batteries are located in a separate 
building connected to engine room. A switchboard 
of neat design for controlling the battery charging 
is located in the engine room adjacent to the bat- 
tery house. This board also controls the lighting 
service to the signal and switching system lamps, 110 
volt alternating current being used for this purpose. 
Yard Lighting. 

The freight yards are illuminated with 110 West- 
inghouse type series a. c. flaming arc lamps controlled 
by three Westinghouse 50 lamp, single circuit con- 
stant current transformers located in the power house. 
The arc lamps are mounted in angle iron frames on 
40 foot poles. 

Current distribution is entirely overhead excepting 
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in a few instances where long spans and traffic con- 
ditions made underground service desirable. 

Poles which carry power lines are used for mount- 
ing lamps to provide general illumination and all 
switches and ladder tracks are lighted by lamps placed 
on poles spaced to give a desirable degree of light 
intensity at the points of greatest traffic. 

Lighting of the shop yards is provided by 300 watt, 
twenty ampere, 600 c. p. mazda lamps in General 
Electric pendant type fixtures for outdoor service. The 
fixtures are mounted on poles and are provided with 
compensators for operation on 110 volt multiple cir- 
cuits. The lights are controlled from the distributing 
board in the locomotive shop. 

The design of the entire electrical installation with 
exception of the signal and interlocking plant was 
handled in the office of Mr. E. H. Lee, vice-president 
and chief engineer, under the direction of Mr. Willard 
Doud, consulting engineer, 538 S. Dearborn street, 
Chicago. The construction work necessary for light- 
ing the freight yards was handled by the railroad 
company forces under direction of Mr. W. H. Rob- 
son, superintendent of telegraph, and Mr. L. B. Ab- 
bott, electrical engineer. All electrical work at the 
shops was executed by the W. A. Jackson Co., elec- 
trical contractors, 87 W.) Van Buren street, Chicago, 
under supervision of Mr. John Strandell, electrical in- 
spector of the railroad company. 

The motor equipment of the plant consists of the 
following apparatus: 


Alternating Current Motors 


Horse Application 

Power Speed Type 
Machine Shop New Tools. 

50 680 So LR Main Hoist 150-ton Crane. 

50 680 Shee Main Hoist 150-ton Crane. 

30 850 Su IR Main Hoist 150-ton Crane. 

oS 350 Seats Trolley 150-ton Crane. 

15 850 Sk. Trolley 150-ton Crane. 

50 680 5. R. Bridge 150-ton Crane. 

30 850 Sak Hoist 10-ton Crane. 

30 850 oe Bridge 10-ton Crane. 

5 790 So Trolley 10-ton Crane. 

30 850 sn ss Hoist 10-ton Crane. 

30 850 Su: Bridge 10-ton Crane. 

5 790 SR. Trolley 10-ton Crane. 

40 900 SEs Sellers 90” Driving Wheel Lathe, 
Drive. 

2 1200 Da. Sellers 90” Driving Wheel Lathe, 
Quartering. 

5 1200 a Sellers 90” Driving Wheel Lathe, 
seail Stock: 

10 1200 Ss: C. Lucas No. 33 Hor. Boring Ma- 
chine. 

15 900 S.C. Chambersburg 600-ton Wheel 
Press. 

10 1200 5. G Bullard 36” Vertical Tarret Lathe. 

15 900 SeG: Baker No. 1%4 Heavy Duty Drill. 

25 900 Sa, Cincinnati 84” Boring Mill. 

2 1800 Sac: Ransom 20” Wet Grinder. 

5 1200 Sac: Watson Stillman 60-ton Forcing 
Press. 

5 1200 Sas Ransom 18” Double Emery Grin- 
der. 

5 1200 Sy (G- Ransom 18” Double Emery Grin- 
der. 

5 1200 Sa @: Ransom 18” Double Emery Grin- 
der. 

3 900 SEG Acme 1%” Dbl. Head Staybolt 
Cutter. 

2 900 Secs Hammet Link Grinder. 

3 1200 SEG ee Bickford 36” Radial 
Drill. 

3 1200 SiG American 24” Radial Drill. 

3 1200 Syl Lodge and Shipley 16” Tool 
Room Lathe. 

i200 SEG Wilmarth & Mormon Drill Grin- 
der. 

10 1200 S-R: American 30”x14’ Engine Lathe. 

s 1200 SC. Stoever 4” Pipe Machine. 
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Morton and Plummer No. 15 Post 
Drill. 
Morton and Plummer No. 15 Post 
Drill. 
Ransom 12” Dbl. Bench Grinder. 
Morton 32” Draw Cut Shaper. 
Sirocco No. 13 Heating Fan. 
Group No. 1. 
Group No. 2. 
Machine Shop Old Tools. 
Putnam Axle Lathe. 
Whitcomb 39”x9’ Planer. 
Bickford 60 Radial Drill. 
White 18”x8’ Portable Lathe. 


Wood Mill New Tools. 
Berlin No. 14 20’x14’ Timber 
Sizer. 


Greenlee No. 405 36” Rip Saw. 
Greenlee No. 456-A Auto Cut-Off 
Saw. 
Fay Egan Auto Cut-Off 
aw. 
Greenlee No. 402-H Sill Gainer. 
Greenlee No. 329 4 Spindle Borer. 
Greenlee No. 238-P Vertical H. C. 
Mortiser. 
Greenlee No. 478 Double Arbor 
Saw. 
American 24”x10 Pattern Lathe. 
American No. 5 24” Surfacer. 
Covel No. 35 Saw Gummer. 
Covel No. 103 Knife Grinder. 
Wood Mill Old Tools. 
48” Grindstone. 
Woods 36” Band Saw. 
Woods Small Mortiser and Borer. 
Woods 20” Jointer. 
Car Wheel Shop New Tools. 


ING, 2 


Putnam No. 2 48” Car Wheel 
Borer. 
Bridgeford Double Head Axle 
Lathe. 


Ransom 18” Double Emery Grin- 
der. 

Car Wheel Shop Old Tools. 
Niles 36”x12’ Journal Lathe. 
Aurora 25” Vertical Drill: 

Acme 1%” Dbl. Head Bolt Cutter. 
Niles 300-ton Car Wheel Press. 
Boiler Shop New Tools. 
New Doty No. 17 Punch. 
New Doty 10” Horizontal Punch. 
Mathews Flue Cutter. 
Mathews Flue Cutter. 
Hartz Flue Welder. 
Rverson Hot Saw and Expander. 
Flue Rattler. 
Flue Furnace Blower. ' 
pees 18” Double Emery Grin- 
er. 
Flange Fire Blower. 
Boiler Shop Old Tools. 
Niles 9’ Bending Rolls. 
Long and Allstater 30” Shear. 
Blacksmith Shop New Tools. 
Beaudty No. 4 Power Hammer. 
Bradley 100-lb. Power Hammer. 
New Doty 17-D Bar Shear. 
Acme 1%4” Forging Machine. 
American 48” Grindstone. 
Ransom 18” Dbl. Emery Grinder. 
General Electric Centrifugal 

Compressor. 

Auxiliary Blower. 
Yards. 

400-ton Coal Chutes. 

90’ Nichols Turntable 

East End. 
90’ Nichols 

West End. 
90’ Nichols Turntable 

Roundhouse. 

100 cu ft. National Compressor, 
East End. 

100 cu ft. National Compressor, 
West End. 

Lidgerwood-Hoist—Cinder Pit. 

200 Gallon 4” Centrifugal Sump 
Pump. 


‘Lractor, 
Turntable Tractor, 


‘ractor, 


Volga Now t 


5 720 Ss INE 200 Gallon 4” Centrifugal Sump 
Pump. 

15° 1200 aR 1000 Gallon 6” Centrifugal Boos- 
ter Pump. 

15 1200 SMBS 1000 Gallon 6” Centrifugal Boos- 
ter Pump. 

' Power House. 

714 600/1200 S.R. Stocker Drive. 

30 900 SHG: Motor Driven Exciter. 

3 1800 Sie Signal Motor Generator. 

3 1800 Sic Signal Motor Generator. 

Storehouse. 
2 1200 S..Ge Fuel Oil Pump. 
Boiler Washing System. 

35 1800 Sie 300 Gallon 100-lb. Pressure Wash- 
out Pump. 

35 1800 Saixa 300 Gallon 100-lb. Pressure Filling 
Pump. 


DIRECT CURRENT MOTORS 
Machine Shop. 


714 450/1800 Comp. Sellers 20” Slatter. 

12 375/1500 Shunt Niles 60” Boring Mill, Drive. 

3} AYN Comp. Niles 60” Boring Mill, Rail. 

15 400/1600 Reversing Pond 42”x10’ Planer, Drive. 

3 1200 Comp. Pond 42”x10’ Planer, Rail. 

1s 500/1500 Shunt Springfield 42”x9’ Engine Lathe. 
5 400/1600 Shunt Bullard 30” Boring Mill. 

3 300/1200 Shunt Niles Radial Drill. 

2 300/1200 Shunt Putnam 20”x8’ Bolt Lathe. 

2 300/1200 Shunt Bradford 14”x6’ Bolt Lathe. 


Alumina Insulation for Aluminum. 


In a recent issue of the Electrician (London), the 
installation of alumina wires by oxidation was dis- 
cussed. It is a well known fact that alumina readily 
oxidizes to a slight extent on the surface. This at 
once has its beneficial and unbeneficial effects, one 
of the advantages is that this property of alumina 
makes it a very efficient electrofier in certain electro- 
lytes, and enables a motor to withstand several hun- 
dred volts after proper treatment. The surprising 
thing about it is, however the rapidity with which 
the blocking action takes place, and that current is 
able to flow so rapidly in one direction during half. 
the period and is practically prevented doing so dur- 
ing the other half, one of the bad points of oxidation 
is the difficulty in making satisfactory alumina joints 
and solders. 


A great many attempts have been made to make 
use of this easy oxidation as a method of insulating 
aluminum wires, but no great success has been 
achieved until lately. The coating of oxide of this 
form was weak mechanically and unable to stand 
high voltages, but recently a process has been worked 
out which promises to open up a new field of useful- 
ness for this method of insulation. 


C. E. Skinner and L. W. Chubb have used a proc 
ess consists in forming a wire into the leader of a 
rectifier using an electrolyte such as borax, am- 
monium nitrate, or sodium silicate. The wire passes 
through this bath at the rate of 150 feet per minute. 
When wires so treated are twisted together with 
abrasion they are able to stand a pressure from 200 
to 500 volts between them. On account of its thin- 
ness the volume is quite flexible and consequently the 
wire can be bent sharply without being damaged. 

One of the greatest advantages of this form of 
installation is that it is not inflammable and can be run 
at much higher temperatures than are customary 
with copper. It has been stated that such coils can 
be heated until the aluminum becomes molten. The 
current is decreased gradually and the coil does not 
fall to pieces in cooling. 


This process is described in a paper read before the 
American Electro Chemical. Society. 


June, 1915. 
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Two Phase Windings and 
IRotor Contruction 


Jo iil, Wickman 
(Sixth Article) 


The distance between two consecutive negative poles 
or two positive poles on any machine is known as the 
pole pitch, and is measured in terms of electrical degrees. 
Therefore, the distance between two similar points on 
adjacent like poles is 360 electrical degrees. In a two- 
pole machine the electrical degrees and the mechanical 


Fig. 14. Simplified Diagram of a 6-pole Two-Phase Machine Repre- 
senting Any Form of Winding With Any Number of Coils. 


degrees would be the same. Two phase windings, as 
has already been pointed out, are displaced from one 
another by 90 electrical degrees, or one-half of 1 pole 
arc: . 


The simplified wiring diagram for end connections 
is fully applicable to two-phase work. The coil signs 
refer to the manner in which the coil is to be connected, 
showing whether the terminals are to be reversed or con- 
nected straight. The diagram of a 6-pole two phase 
winding is shown in Fig. 14. This may represent any 
number of coils per group that is desired. It would be 
possible to make an endless number of diagrams rep- 
resenting different two phase connections, the only dif- 
ference being additional poles or a different operating 
voltage. However, some manufacturers recommend that 
poles of one polarity be connected consecutively together 
and then connected to the poles of the opposite polarity. 

It might be well to recall at this point one method 
which was described to produce a two-speed, three-phase 
winding. That is, the group winding shall be so placed 


that the induced poles are of one polarity, the poles of 
opposite sign being of consequent formation. 


Rotor Windings. 


In the development of the induction motor through its 
first experimental stages the construction of the stator 
has changed but little except that the frame design has 


Fig. 15. Squirrel Cage Rotor With Conductors Riveted to End 


Rinas and Soldered Into Place. 


has been slightly altered and the form of slots has been 
varied in the newer types of motors. The rotor element, 
however, has experienced considerable change since the 
first experiments were made. The first type was a wound 
rotor having but one series circuit which, during opera- 
tion, was short circuited. This had the disadvantage 
of operating at a low power factor and with very low 


Fig. 16. Rotor Manufactured ky the General Electric Co., in Which * 
Bars Are Embedded in Slots With Insulating Fireproof 
Cement and Welded to Short Circuiting Rings. 


efficiency, which suggested the use at two rotor circuits, 
giving an increased efficiency and better power factor. 
Tests showed that the efficiency and power factor were 
improved with each additional circuit, and this led to the 
use of short-circuited bars, which is’ found in the modern 
squirrel cage type of rotor. 

The rotor shown in Fig. 15 is made up of a number 
of insulated bar conductors, which are riveted to end 
rings which serve to short circuit the former. The 


22 RAILWAY ELECTRICAL ENGINEER 


end rings are dipped in a solder bath to insure good 
electrical contact. No two manufacturers design their 
rotors exactly alike, but one principle may be applied 
to all of them; that is, the insulated bars are put into 
slots in the laminated core and short circuited. 

Only until two or three years ago the rotor has been 
the weakest element of the induction motor. At this 
time manufacturers began making rotors similar to 
the one shown in Fig. 16, in which the bars are embedded 
in the slots in an insulating fireproof cement and are 
welded at both ends to short circuiting rings. A rotor of 
this construction is practically indestructible if it is not 
required to carry an overload long enough to burn the 
bars open. 

A limited amount of reliable data in regard to the 
insulation of the conductor bars can be had. Practical 
experience has shown that when the insulation of the 
rotor bars becomes charred and lifeless, allowing the 
bars to come in contact with the laminations of the rotor, 
that the slip is increased and the torque decreased to 
such an extent that the motor is unable to carry its rated 
horse power. Some manufacturers claim that the insula- 
tion of the rotor bars has little effect on the operation, 
but little credence should be given this theory, as motors 
of a commercial size are not able te pull their rated load 
without excessive heating unless such insulation is pro- 
vided. 

All of the older types of rotors like the one shown in 
Fig. 15 are liable to be injured by overheating. This 
causes the solder to be thrown off from the connections 
between the bars and the short circuiting rings. This 
may be caused in two ways—first, by the motor being 
overloaded, and second, by overheating the motor on toc 
low a voltage, the effect of which is to decrease the 
torque, thereby increasing the current consumption with 
its resultant heating effect. A positive indication that such 
trouble has occurred and that the bars are loose is ex- 
cessive sparking when the motor is being started. A 
rotor damaged in this way should be removed, the bars 
taken out and thoroughly cleaned, and replaced, making 
a good electrical connection between the bars and rings, 
then riveted or bolted as they were originally. The con- 
nections should then all be soldered. 


Wound Rotors. 


It is often desirable to use wound rotors in induction 
motors, so that the resistance may be inserted in the 
rotor circuit and the speed controlled thereby. The 
windings:on most all large size wound rotors are of the 
three phase wave form, as was set forth in the last article. 
Certain classes of single phase motors, however, are not 
wound in this way. The stator may be wound with any 
number of phases, for any such polyphase winding will 
give a uniformly distributed rotating field. But the char- 
acteristics of the motor are not always improved to an 
extent that would justify using a polyphase winding on 
the rotor with its additional collector rings, external re- 
sistance and complicated controllers. 

The trouble that occurs most frequently to a wound 
rotor is open circuits. A simple test to locate these is to 
remove the brushes from the rings and apply current to 
the stator. Then test across the rings with one or more 
lamps in series, so that the voltage of the lamps will 
about equal the rated voltage of the machine, as shown by 
the name plate. These lamps should light up between any 
of the rings, and if they do not, it indicates an open cir- 
cuit. If this test shows that the winding is all right, the 
testor should look for the open circuit in the external cir- 
cuit. 

Stator Winding Troubles. 


There is much wisdom in the saying that the windings 
of an alternating current machine are either right or all 


Volt No. i 


wrong, for a very small error or accident will greatly 
affect the machine’s operation. One of the most frequent 
difficulties with such windings is caused by a few coils 
burning out or grounds. One ground will not affect 
the operation of a motor, but all machines should have 
their windings kept clear of grounds if possible, for 
when more than one occurs the short circuit of one or 
more coils will result. This will either blow out the 
main fuse or burn the windings open. 

If one or two coils are burned out and it is necessary 
to run the motor, this can be accomplished in two ways 
—first, by putting in new coils; second, by getting the 
old coils out. A new coil may be put in two ways. If 
the repairman has plenty of time, the other coils can be 
raised out of their slots, the burned coils removed and 
replaced with new ones. Where the windings in a motor 
are in poor condition, oil soaked or charred, this would 
probably result in cracking the insulation of the good 
coils. In this case both ends of the burned-out coils 
should be cut off and removed from the slot by pulling 
it out a wire at a time and a new coil laced in turn by 
turn, and the ends connected like the old coil. 

When it is necessary to get the motor back in opera- 
tion at once, the coil may be cut out entirely. This is 
done by cutting open both ends of the burned-out coil 
and removing it, as has just been described, and then 
connecting together the two wires that lead into and 
out of the burned-out coil if they are of the same group. 
Several damaged coils can be cut out in this way, and the 
motor will still operate, but it will take an excessive 
current in the phase from which the coils have been re- 
moved. If the voltage is lowered slightly, little harm 
will result. This method is recommended only in cases 
where it is necessary to keep the motor running, and 
should in no case be used as a permanent repair, but 
only until at a time when new coils can be inserted. 


Operation and Characteristics. 


It often happens that it is necessary to operate a two 
or three-phase motor with single phase power. In fact, 
some manufacturers send out a motor with a three-phase 
winding when a single phase motor is ordered. The only 
difference in operation being the starting characteristics, 
that is, a single phase motor needs some auxiliary appa- 
ratus for starting, as it has no inherent starting torque. 
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Fig. 17. Connections for Starting Two- and Three-Phase Motors 


From a Single-Phase Supply. 


The diagram shown in Fig. 1% shows the connections 
that are used to start a two or three-phase motor on 
single phase current. The motors, either two or three 
phase, have two of the leads connected through the 
running switch “S” to the single phase supply wire; the 
other leads are connected through the resistance and in- 
duction coils to the starting switch S-1, which in both 
cases should be opened after the motor is up to speed. 
The resistance and inductance coils change the phase po- 
sition of the current in the different phase windings, thus 
producing a rotating field which is necessary for the 
motor to be self-starting. 


June, 1915. 


Repulsion Motor. 


Another form of induction motor is in quite common 
use, because of its series of motor characteristics on 
starting. This is known as the repulsion type of in- 
duction motor. The rotor winding is of the concentrated 
form; in fact, the rotor is similar to the rotor of the 
direct current motor, and is provided with an armature. 
If the magnetic fields are excited by an alternating cur- 
rent, that portion of the armature windings which is 
perpendicular to the flux of the alternating field acts as 
a transformer winding and has a voltage induced in it, 
and if brushes were placed so as to commutate these 
coils an alternating current would be produced. 

If a pair of short circuited brushes is so placed as to 
commutate the coils which lie about one-quarter of a 
pole arc from the mid pole position, the transformer 
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cuited and set at a determined angular relation with the 
stator windings, the two sets of brushes being placed 
90 electrical degrees from one another. If the position 
of these brushes is shifted, the speed of the motor can 
be increased or decreased. After the motor is started, 
the brushes can be removed, and it will continue to oper- 
ate as an induction motor if so desired. 

We have now quite fully covered the different methods 
of winding and induction motor, but it should be remem- 
bered that there are other characteristics that govern the 
operation of an induction motor besides the windings. 
If any deviation is made from the conditions for which 
the motor is designed, the effects will be about as shown 
in the condensed table given below. Obviously the motor 
should be operated as it was designed to be, if the best 
running characteristics are to be obtained: 


windings will cause a current to flow through the Conditions different Slip or speed 
brushes and through the coils which lie under the field From design. Power Factor. Torque. change. 
poles. This has a motor effect which causes the induc- High Voltage Decreased Increased Decreased 
tion motor to start. The armature may have two sets of Low Voltage Increased Decreased Increased 
brushes, one known as the compensating brushes, and HighFrequency MIncreased Decreased Unchanged 
the other as the energy brushes. These are short cir- Low Frequency Decreased Increased Unchanged 
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Railroad Electrician’s Club of 
Chicago 
The May meeting of the club was one of the most in- 
teresting and best attended meetings of the year. Mr. 
R. C. Lanphier, general manager of the Sangamo Elec- 
tric Co., gave an excellent talk on the “Principles of 
Operation and the Construction of the Ampere Hour 
Meter.” 


The Ampere Hour Meter 


Mr. Lanphier told briefly of the history of the devel- 
opment of the ampere hour meter and pointed out that 
the first Edison electro-chemical or electrolytic house me- 
ters for metering direct current circuits were really am- 
pere hour meters, for the amount of metal deposited on the 
cathode depended on how many ampere hours current 
passed through the meter. These plates were subse- 
quently weighed at the office and the customer billed 
accordingly. 

It was in 1888 that the first mercury meter was built. 
The mercury cup was made of plaster paris and a re- 
volving copper disc floated in the mercury was mounted 
between magnet poles. This meter was used in large 
central station work, tramways, etc., in England but was 
subsequently abandoned with the development of the 
wound armature type meter. 

In 1900 the mercury type meters were first made in 
this country and a few were installed in connection with 
stand-by batteries. The design of the meter was rather 
crude, however, and it was so unsatisfactory that it was 
abandoned. 

The first Sangamo mercury type meter was built in 
1905 and in 1908 an ampere hour meter of the mercury 
type was first constructed at the request of Mr. Ernest 
Lunn, then battery engineer of the Commonwealth Edi- 
son Co., of Chicago. In this first meter the revolving 
motor disc was geared to a large dial hand, which indi- 


cated the number of ampere hours charge or discharge, 
the hand revolving in a clockwise direction on discharge 
and in the reverse direction on charge. A re-set device 
made it possible to set the hand ahead 10 or 15 per cent 
of the ampere hours discharge so that when the meter 
hand got back to the zero position it would make a con- 
tact which would trip a circuit breaker. 


The Differential Shunt Meter. 


The next development was to take care of this neces- 
sary setting ahead of the hand automatically. This was 
done first by employing a double shunt so that the current 
would pass through one shunt on charge and the other 
shunt on discharge. The design was such that the meter 
would run slower on charge than it would on discharge 
by any desired percentage and a slide wire adjustment 
made it possible to set this percentage of overcharge to 
any desired value. 


Duplex Train Meter. 


Another development about the same time was made 
in the duplex train meter. This meter consisted simply 
of a double row of indicating dials, one to indicate total 
charge, and the other to indicate total discharge. There 
were no contacts or automatic features about this meter, 
both dials recorded true ampere hours so it was only used 
as a check instrument. 


The Resistor Type Meter. 


The differential shunt type meter automatically pro- 
vided for a suitable overcharge but this meter could not 
be used in connection with axle lighting systems because 
of the fact that the generator would charge the batteries 
and light the lights at the same time and the meter would 
refuse to give anything like a correct reading. This sit- 
uation led to the development of the resistor type meter 
which was described in our June, 1914, issue. A resistor 
element consisting of a pivoted copper bar immersed in 
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mercury and mounted beneath the magnet poles of the 
meter automatically provides that the meter will run 
slower on charge than on discharge so as to provide any 
desired percentage of overcharge. 


Meter Troubles. 


Mr. Lanphier gave a very interesting talk on the dif- 
ficulties which have been overcome in perfecting the am- 
pere hour meter to its present state of refinement. He 
said that one of the most troublesome features was the 
very peculiar behavior of mercury. It has a great faculty 
of amalgamating with such metals as copper, lead, etc., 
and tends to form a dross or solid substance which pre- 
vents the meter from recording correctly. There is no 
amalgamation with nickel, however, so all parts within 
the meter chamber are heavily nickel plated. 

He referred to the fact that in many of the earlier am- 
pere hour meters employed in car lighting service the 
meters were found to get badly out of adjustment. In 
practically every case this was due to the meter having 
been overheated. Car lighting men well know how hot 
it frequently gets in a regular locker, so it is not sur- 
prising that the meters become heated. This, however, 
caused the shellac-mica composition from which the early 
meter chambers were made, to soften and the meter 
shaft got out of alignment and would bind the rotating 
shaft. The present meters, however, are all made of 
Bakelite composition, which will stand a temperature of 
400 deg. F. without softening, so troubles from this 
source are now entirely eliminated. 


Mr. Lanphier showed a large number of slides of va- 
rious features about the meter, one of which illustrated an 
important development in the ink well mercury chamber. 
It is now practically impossible for any mercury whatever 
to get out of the chamber, regardless of how the meter 
is tipped upside down or shaken, etc., since the shaft goes 
through a tube instead of the jewel at the top of the 
chamber. 

Another difficulty found in some classes of car light- 
ing service, particularly in straight storage service, is 
that the battery is charged at a very high rate and dis- 
charged at a very low rate, often being charged at over 
100 amperes and discharge as low as 2 or 3 amperes. 

Mr. Lanphier stated that they are now building a meter 
for this service in which a thermo-couple is provided 
which entirely overcomes the friction of the meter and 
allows it to record even the slightest discharge. As a 
matter of fact, this thermo-couple will, in most cases, be 
set so that the meter will creep forward a little bit all 
the time and this will compensate for much of the bat- 
tery leakage current and will keep the meter in step with 
the battery whether the battery is in constant service or 
the car is standing idle for a long time. 

In closing his talk, Mr. Lanphier stated that the mer- 
cury type meters are now built with very high accuracy 
and called attention to the fact that Sangamo mercury 
meters of the watt meter type are used in such build- 
ings as the Singer, Woolworth, the new Equitable Life, 
the Ford Motor plant, for metering the current of Niag- 
ara, etc., and are used by a great number of the Edi- 
son companies. He also pointed out that the distant 
dial feature was employed in the Equitable Building 
where 30,000 amperes current at various points in the 
building were all indicated on 35 dials mounted on 2 
panels in the switchboard room. An interesting feature 
of one installation was a combination of shunts and auto- 
matic switching devices so that a current varying from 
30 to 30,000 amperes could be very accurately recorded 
at all ranges. He also showed a picture of the big shunt 
higher than a man which is used for measuring the 60,- 
000 amperes for the Aluminum Company at Niagara. 


Vols Noa? 


An ordinary 10 ampere meter is used in connection 
with this shunt with a ratio of 6,000 to 1. 


Maintenance of Ampere Hour Meters. 


Mr. Lanphier stated that the meters should be checked 
after the first month’s operation in order to make sure 
that they are operating satisfactorily. It is rather a 
simple matter to check the meter for it is only neces- 
sary to pass a known charge or discharge current through 
it and count the number of seconds per 10 revolutions, 
from which the accuracy of the meter can be easily fig- 
ured. He said that railroads should provide means for 
checking all meters at least once a year. It may be neces- 
sary to clean out the mercury if the meter runs abnormal- 
ly slow, for mercury may collect copper, which will form 
in a dross on the surface and impede the meter disc. 
Only absolutely pure mercury should be used in filling 
the meter and he recommended that this be obtained from 
the manufacturer. 


Questions 
Battery Efficiency. 

“How do you know what battery efficiency to assume; 
does not this vary with rate of charge, etc. ?” 

Mr. Lanphier stated that battery ampere hour effi- 
ciency does, of course, vary with the rate of charge and 
also with the amount of use which the battery receives, 
etc. He stated that it was the opinion of some of the best 
car lighting engineers that an overcharge of 25 per cent of 
the ampere hours discharge was ample. He stated that 
all meters shipped from the factory were set for this value 
of overcharge unless otherwise specified. He pointed out, 
however, that the resistor element makes it possible to 
set the meter for a 30 per cent overcharge. He stated 
that even though the meter setting was a little too high 
me amount of overcharge in ampere hours would be very 
Ow. 

Graphic Ampere Hour Meter. 


“How long will a graphic ampere hour meter run 
without attention ?” 

Mr. Lanphier stated that the chart of the meter is 
good for three months, and if the clock is wound once 
a week the meter will give a continuous record of the 
operation over this entire period. 


Operation of the Resistor on Low Current. 


‘How will the variable resistor operate if the current 
reverses from charge to discharge at a low current 
value ?” 

Mr. Lanphier stated that the resistor element will 
operate on a current as low as 2 amperes in the external 
circuit. He stated that although discharge currents lower 
than this might be experienced that the current on charge, 
particularly at the start is invariably much higher than 
this, so there should be no question about. the resistor 
element throwing over from a discharge to a charge posi- 
tion. 

Meter Out of Step. 


“What do you do when it is found that the meter is 
out of step with the battery?” 

Mr. Lanphier stated that the meter should be checked 
at half speed and full speed and if the difficulty was not 
found here to look to the battery, for grounds will dis- 
charge the battery and throw it out of step with the 
meter. 

Friction Clutch. 


“Suppose the meter hand binds in some way; will it 
damage the meter?” 

There is a friction clutch on the meter dial hand which 
allows the hand to slip if it binds and also makes it pos- 
sible to reset the hand. 
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Edison Storage Battery 
Questions. 
Continued from last month 


Removing Connectors. 

Q. 14. How can the connectors be removed? 

Ans. 14. A small hand tool is provided for pulling off 
the connectors from the tapered posts. This acts very 
much as a pulley puller, the threaded bolt bearing 
down upon the post while two fingers grip the con- 
nector and pull it off as the bolt is screwed down. 


Locating Poor Connection. 


If the terminal posts or inside of connector are 
How 


Sols 
ay this will cause a poor contact at the connector. 
can such trouble be located? 

Ans. 15. This will cause poor contact with the con- 
nector, therefore, a comparatively high resistance will 
be offered to the flow of current at this point. When 
the battery is on charge or discharge, with current 
flowing, this will cause heat to be generated at the 
point of poor contact and the connector will get hot 
and can be easily located by the inspector. 


Nickel Plating of Parts. 


Q. 16. Why are all parts of the Edison battery nickel 


plated? 

Ans. 16. All of the battery is heavily nickel plated so 
as to prevent the steel from rusting. A novel process 
is employed in treating the nickel plated parts, for 
after the iron has been plated with a heavy coat of 
nickel all parts are baked at a very high temperature 
in an atmosphere of hydrogen to prevent oxidation. 
The high temperature anneals the stéel and fuses the 
surfaces of the nickel plating and the steel so as to 
avoid all tendency for the plating to peel. 


Flushing the Battery. 

Q. 17. In the “H” type Edison cells how much space is 
left for electrolyte above the top of the plates? What will 
happen if the cells are filled too full when being flushed? 
How can this be prevented? 

Ans. 17. There is sufficient space left for filling with 
electrolyte above the top of the plates. An automatic 
cell filler is furnished by the battery manufacturer 
which rings a bell when the cell has been filled to the 
proper point. If the cell is filled too full in flushing, 


Fig. 9. Filling Cap and Gas Vent of Ecison Battery. Notice Little 
Rubber Hemisphere Which Acts as a Valve. 


the solution is apt to bubble out on gassing and cause 
grounds. This can be prevented by using the auto- 
matic cell filler and shutting off the water when the 
bell rings. 

Filling Cap and Gas Vent. 


Q. 18. How is the filling cap constructed? 
gas vent constructed like a valve? z 


Why is the 
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Ans. 18. The filling cap and gas vent are clearly 
shown in Fig. 9. On the under side of the cover is sup- 
ported a little rubber hemisphere which, when the 
cover is closed, loosely rests on the valve seat and seals 
the cell. As gas is generated in battery action, this will 
force upward the light rubber valve and allow the gas 
to escape through the opening in the cap. This rubber 
valve seems to have the effect of removing most of the 
solution carried off in gasing and returns it back into 
the cell. This gas vent is constructed like a valve so 
as to prevent the ingress of carbonic acid gas from the 
outside which would combine with the caustic potash 
to form potassium carbonate, which would be inert 
as electrolyte. 


Bulging of Cans. 


Q. 19. What causes the cans or cell containers to bulge? 


Ans. 19. If the cells are bulged uniformly all over 
it indicates that the gas vent has been clogged and the 
gas generated on charge has been unable to escape. 
This would soon be generated in sufficient amount to 
cause a high pressure and bulge the can. On the other 
hand, however, if the bulging is entirely at the top of 
the can it indicates that it was caused by a gas explo- 
sion, either due to a loose connection or some other 
spark or fire. This may not necessarily have been 
within the cell itself, as the explosion might be trans- 
ferred from the outside through the gas vent provided 
the battery were gasing freely at the time. This 
does not disable the cell electrically so there is no need 
for repairs. 


Effect of Extreme Cold. 


Q. 20. What effect does extremely cold weather have on 
battery voltage, and what temperature does it take to freeze 
the electrolyte solid? 

Ans. 20. If the battery is allowed to get cold the 
voltage and capacity may be seriously impaired tem- 
porarily, but normal conditions are restored when the 
battery again becomes warm. If the temperature of 
the battery be allowed to go as low as 25 degrees be- 
low zero or thereabouts, the electrolyte will freeze, 
but this has no deleterious effect upon the battery, ex- 
cept to temporarily affect the terminal voltage. 


Q. 21. What practical means have railroads,using the Edi- 
son battery, employed for preventing battery failure in ex- 
tremely cold weather? 

Ans. 21. One railroad in Canada _ considered 
placing a small steam coil in the battery box to prevent 
the battery temperature from getting too low in ex- 
tremely cold weather, but after some experimenting it 
was found that with a battery box properly built the 
battery would be kept warm enough so that even the 
severest weather did not cause a failure, so they re- 
moved coils. 


When the car is allowed to stand in the yards for a 
long time with no current flowing through the battery, 
temperature may get down to a point where the battery 
cannot deliver its full voltage. In such cases, however, 
if a few lights are turned on in the coach yard for a 
half hour or so before the car pulls into the station, the 
heating effect of this current flowing through the 
battery will gradually raise the temperature a few de- 
grees until the battery is able to deliver its full normal 
voltage. At such low temperatures the resistance of 
the battery increases considerably so that the heating 
effect of even a few amperes is much greater at this 
time than it would be under normal conditions when 
the battery resistance is low and the battery deliver- 
ing normal voltage. 
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Lesson No. 41 
Gould Simplex System 


Although the Gould Simplex System has been 
described in an earlier lesson of this course, we feel 
that this equipment is of such importance to car light- 
ing men that it should be described to even further de- 
tail than it was at that time and that the subjects of 
installation, dismantling, adjustment and inspection of 
this equipment should be fully discussed. 


Description of the Generator. 


The generator is a simple four-pole shunt machine 
driven from the car axle by means of a belt, as usual. 
Four brushes are employed, commutating at the four 
neutral points on the commutator the two positive 
brushes and the two negative brushes are connected in 
parallel so that if a single brush failure should occur 
it would not prevent the generator from delivering 
current. These brushes are mounted rigidly on a 
Bakelite ring, which in turn is bolted to the commu- 
tator end housing and all are removed with the end 
housing. A large hand hole with wing nuts is pro- 
vided on each side of the generator so that all four 
brushes may be easily inspected and replaced by sim- 
ply removing the cover. This cover is provided with 
a felt washer which is moisture and dust proof. 

The “BB” generator is equipped with ball bearings 
and a special pipe with thumb screw cap is provided 
in the casing so that grease may be squirted from a 


View of the Gould Type BB Generator Equipped with 
Ball Bearings. 


Fig. 204. 


grease gun into each ball bearing. The leads to the 
generator brushes and positive field are brought to a 
terminal block in the top casing of the commutator 
end of the generator and the pole changer is mounted 
on the under side of this terminal block; the negative 
field lead is brought out of the machine and connects 
to the switchboard wiring. The terminal block and 
pole changer can be taken off as one piece by unscrew- 
ing four nuts, and when the block is replaced, a moist- 
ure and dust proof washer seals the casing at this 
point. 
The Pole Changer. 


It is well known that if the direction of rotation of 
a generator be reversed, and the generator fields be 
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ity in the opposite direction ; that is, the positive brush 
would then become a negative brush, and the negative 
brush a positive brush, etc. Therefore, a mechanical 
pole changer is provided so that proper polarity of 
the external circuit of the generator be always main- 
tained whether the car be running in a forward or 
backward direction. 

This pole changer is a very ingenous device and 
although a case of trouble at this point is exceedingly 


Fig. 206. 


Phantom View of the Pole Changer with the Armature 
Rotating in a Clockwise Direction, the Trip Is Just About to 
Throw the Pole Changing Switch so as to Reverse Connections. 


rare, we feel that car lighting men will be sufficeintly 
interested to warrant us in describing it in detail. 


The moving picture views of Fig. 205 show the 
operation of the device. A cast iron trip carrier, con- 
sisting of two discs with spacing rods between, is 
mounted on the commutator end of the armature 
shaft, as shown in Fig. 206, and a trip is pivotally 
mounted between the two discs. A double pole 
double throw switch is mounted directly over this 
trip carrier, as shown in Fig. 206, the connections of 
this double throw switch being shown in Fig. 209. 


When the direction of generator rotation is re- 


versed, it will develop reversed polarity; that is, the © 


positive generator brush will then become negative 
and the negative positive. When the direction of car 
motion is reversed, however, the double throw switch 
will automatically be thrown from contact at the “A” 
position so as to make contact on the “B” side of the 


i 
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switch and since the generator negative brush, as — 


shown in the diagram, has now become positive, due 
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Fig. 205. 
graphing. 
Revolving in the Direction as Shown. 


Right Hand End of the Trip Striking the Shaft Tilts it Slightly as Shown. 
In “D” the Trip has Thrown Over the Reversing Switch and Passes the Projecting Lug of the 


Rear of the Switch on the Right Side. 
Switch. 


Views E, F and G Show the Pole Changer Operation when the Direction of Motion Is Reversed, as Shown. 
Trip Is Shown Tilted, the Left Hand End Then Bearing on the Shaft. 
the Left Side of the Switch and in “‘G”’ the Trip has Just Thrown the Switch and Trip Is Passing the Proiecting Lug. 
Is Shown Evenly Balanced by the Centrifical Force when Operating at High Speed. 


Whatever when Operating at a Speed of Above 4 Miles per Hour. 


to the reversal of rotation, the rear blades of the 
switch will then have become negative and the front 
blades have become positive. With the switch thrown 
over to the “B” position by the pole changer, however, 
the front positive blade then makes contact with the 
positive clip and the rear blade makes contact with 
the negative clip of the battery circuit, this being 
accomplished by the cross connection in the switch, 
as shown. Accordingly, correct polarity will always 
be presented at the switchboard terminals regardless 
of the direction of car motion. 


The Trip Mechanism. 


The trip mechanism which throws over this revers- 
ing switch, however, is the important and interesting 
part of this pole changer. It consists simply of a 
double wing-shaped trip which is mounted in the car- 
rier so that it is free to swing until one end strikes 
the shaft. It should be noted, however, that the right 
wing projects from the rear end of the trip, while the 
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“High Speed 


‘“Movie’”’ of a Pole Changer in Action; the Trip Carrier and Reversing Switch Are Mounted on Dummy Supports for Photo- 
Figs. ‘‘A, B, C, D’’? Show the Various Steps of the Pole Changer Action in Throwing the Reversing Switch. The Armature Is 
In “A” the Trip Hangs Evenly Balanced at the Bottom, in ‘‘B”’ it has been Carried Upward but the 


in “C” the Trip Is Engaging with the Projecting Lug at the 


In “E” the Tip of the 
In “F’ the Trip has Just Engaged the Front Projecting Lug at 
LnoeH theatre 
The Trip Remains in This Position Without Any Tilt 


left wing projects from the front end of the trip. 
To explain the operation of this device, let us fol- 
low the moving picture diagram of Fig. 205. We will 
assume that the car stopped so that the trip hangs in 
the “A” position and that the car has just started to 
move and the generator begins to revolve in the direc- 
tion of the arrow, as shown. The trip, on starting, 
hangs evenly balanced on both sides since the center 
of gravity of the weight is below the center of sup- 
port. As the armature slowly revolves in a right hand 
or clockwise direction, this trip is carried upward and 
remains in a horizontal position until the right hand 
end comes in contact with the shaft, meanwhile the 
left hand end projects outward, as shown in position 
“B.” As the trip is carried up farther and reaches the 
top, as shown in position “C,” the top forward wing 
projecting outward then engages a projecting lug at 
the rear on the right hand side of the double throw 
switch. Further motion of the generator in the right 
hand direction then causes this wing of the trip to 


Fig. 207. 


The Type ‘‘BB’”’ Generator Dismantled Showing Brushes Mounted on the End Housing at the Left. 
Carrying the Pulley End Ball Bearing with Part of the Bearing Housing and Bolts. 


The Armature Is Shown 
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force upward on the right hand side of the bridge 
until it trips the switch. As soon as the switch is 
tripped, a heavy spring toggle device completes the 
throw of the switch and causes the knife blades on 
the right hand side to be forced up solid into switch 
clips above and holds the switch closed in this posi- 
tion until the direction of the car motion is again re- 
versed. 

Fig. 206 also shows the trip just about to throw 
over the double throw switch, the armature revolving 
in a clockwise direction. After having tripped the 
switch, the trip passed freely by the projecting lug, 
as in position “D,” Fig. 205, and continues to do so 
with successive revolutions in that direction. 


The positions E, F, G, Fig. 205, show the suc- 
cessive positions of the pole changer when the direc- 
tion of car motion is reversed. ‘The trip is carried 
upward on the right hand side of the carrier and the 
right end of the trip projects outward, the left end 
of the trip then bears on the shaft. When the trip 
teaches the top the projecting wing then engages the 
front projecting lug on the left side of the switch, as 
shown in position “F,” and forces upward on this lug, 
tripping the switch and causing it to throw in the 
reverse direction, whereupon the trip then freely passes 
the lug with a clearance of about 1/16 in., as shown in 
position “G.” 

When the train gets up to a speed of about four 
miles an hour the centrifical force of the unbalanced 
weight of the trip will be sufficient to hold it in a 
balanced position at all points of its revolution, as 
shown in the view “H.” At all speeds above four 
miles an hour, then, this little trip moves practically 
rigid with the revolving carrier, so there is no wear 
whatever on the tripping parts. The pole changer 
reversing switch is thrown on the first revolution of 
the armature in a reverse direction and this part of 
the equipment will then take no further part in the 
operation until the car movement again reverses. 


Generator Suspension. 


The generator suspension is of the link type and is 
provided with a tension spring takeup on each side. 
This suspension will be described in a later lesson in 
connection with a general discussion of various types 
of suspensions. 

Automatic Switch. 


As the train leaves the station and the generator 
speed gradually increases, the generator voltage will 
build up and when the train reaches a speed of about 
12 miles per hour (with a 2 to 1 pulley ratio) the gen- 
erator voltage will then have risen to approximately 
32 volts. 

It will be noted from the wiring diagram, Fig. 209, 
that the fine shunt winding of the automatic switch is 
connected directly across the terminals of the gener- 
ator. The automatic switch is adjusted so that when 
the generator voltage rises to 32 volts the magnetic 
pull of the current flowing through this shunt winding 
will be sufficient to pull up the plunger of the switch. 
The method of adjusting the switch will be explained 
in next month’s lesson. 

The bridging piece at the lower end of the plunger 
of the automatic switch, as shown in the center of 
Fig. 210, consists of a brass bar at the center with 
auxiliary carbon contacts mounted at each end, so 
that as the plunger is pulled up, contact is first made 
at the carbons. These are spring supported and per- 
mit the plunger being drawn up further until the brass 
bridge makes a strong wiping contact with the two 
inclined laminated copper brushes at the bottom of 


Volt No. 


the switch. All arcing, either in opening or closing 
the switch, then takes place between the carbons, so 
that the copper brushes are protected from burning. 

After the switch closes, current from the generator 
then flows through the series coil, strongly reinforc- 
ing the magnetic pull on the switch plunger and hold- 
ing the contacts firmly closed. The generator is then 
connected directly in parallel with the battery and 
lamps and the auto-switch will remain closed until 
the train speed decreases to such an extent that the 
generator voltage falls below that of the battery. 
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Fig. 208. Gould Simplex Panels as Mounted in a Locker. 

When this occurs, there will be a reverse current flow- 
ing from the battery to the generator, tending to 
motor it, since the voltage of the generator is then 
below that of the battery. This reverse current flow- 
ing through the series coil of the automatic switch will 
generate a reverse magnetism in that coil, opposing 
the lifting magnetism of the shunt coil. The shunt 
coil alone would, of course, keep the switch closed 
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until the generator voltage falls away to a very low 
value, but a slight decrease in generator voltage below 
that of the battery will cause a fairly heavy reverse 
current to flow from the battery through the series coil 
of the switch, and as this weakens the pull of the shunt 
coil, the switch will drop open as soon as the generator 
falls a volt or two below the battery. There will, of 
course, be a slight arcing as the switch opens, due to 
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Fig. 209. 
Battery Current Regulation. 
Equipment for Constant Total Generator Current the Lamp Lead 
Should be Transferred to Upper Contact of the Series Coil as Shown 
by Dotted Line. 
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Wiring Diagram of Gould Simplex System Connected for 
Where it Is Desired to Connect the 
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the breaking of this reverse generator current, but 
since the contact of the copper brushes opens before 
the carbon contacts of the switch, this arcing will take 
place entirely at the carbon contacts and should in no 
way injure the switch. 

It will be noticed that there is another pair of long 
inclined copper brushes mounted on top of the switch. 
These contacts serve to short circuit the series coil of 
the generator regulator at the instant the switch drops 
open and prevents the lamp current from the battery 
passing through the coil on discharge, from exerting 
an effort to raise the solenoid plunger. If this pro- 
vision were not made, a heavy lamp load would lift 
the solenoid plunger, thus increasing the resistance in 
the generator field circuit and preventing it from build- 
ing up its voltage at cutting in speed when the train 
starts again, as will be explained later. 

The small resistance unit mounted on the right hand 
side of the automatic switch frame is connected in 
series with the voltage regulating coil when Edison 
batteries are used, as explained under the “Generator 
Regulator.” . 

Generator Regulator. 


This regulator is of the combination current-voltage 
type; that is, it controls both the generator current 
and the generator voltage to normal value. It will be 
noted from the illustrations, Figs. 208, 209 and 210, 
that there are two separate regulating coils, a heavy 
series coil at the left side, and the fine shunt winding 
at the right side. 

The voltage of the generator will always be just 
equal to that of the battery plus the voltage drop in 
the wiring and when the battery is in a low state of 
charge its voltage on charge will be low and the volt- 
age of the generator will be correspondingly low. 
This voltage, then, will not be sufficient to raise the 
plunger of the shunt regulating coil, therefore, all 
regulation must be effected by the series regulating 
coil at the left side of the panel. 

It will be noted from following out the connections 
of the wiring diagram, Fig. 209, that only the battery 
current flows through the windings of the series regu- 
lating coil, therefore, this is a “Battery Current Reg- 
ulator,” and so long as the voltage coil does not oper- 
ate, the series coil will control the battery charging 
current to a constant value regardless of train speed 
or the number of lamps in use. For instance, if a lamp 
circuit taking 10 amperes current is switched on, the 
generator output will simply be increased by 10 am- 
peres and the current to battery maintained constant 
by the regulator, since the 10 amperes lamp current 
passes direct from lamps to battery negative and takes 
no part in the regulation. 

The equipment can easily be changed, 
however, so as to give constant generator 
output where the generator does not have 
sufficient capacity to carry both the lamp 
load and the battery current. This can be 
accomplished by transferring the connection 
of the lamp negative, as shown in the dotted 
line of Fig. 209. 

The current adjustment of the series 
regulator is set at the factory and no 
further adjustment of either the series 
regulating coil or of the shunt voltage 
coil of the generator regulator should be 
necessary. There are no adjusting springs 
whatever, the weight of the plunger itself 
alone determines the current required to 
lift it. Where it is absolutely necessary 
to raise the current output this can be 
done by adding lead weights to the 
plunger of the series coil plunger. 


— 
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Operation of the Current Regulator. 


If the train speed rises suddenly, this will tend to 
increase the generator voltage, but this increase in 
generator voltage would cause a large rise in the cur- 
rent to the battery. Since this battery current flows 
through the series regulating coil, any increase in 
this current will pull up more strongly on its plunger. 
This plunger connects to one end of a lever, as shown 
in Fig. 210, and as the plunger rises, this lever de- 
creases the pressure on a pile of carbon discs which 
are connected into the generator field circuit. 

As explained in previous lessons, the resistance of 
a carbon pile decreases with an increase in pressure 
on the pile and the resistance increases with the de- 


Fig. 210. Gould Simplex Generator Regulator Panel. The Series 
Regulating Coil Shown at the Left and the Voltage Regulating Coil 
Shown at the Right, the Carbon Pile at the Top and Automatic 
Switch in the Center. 


crease in that pressure. Therefore, as the train speed 
rises, the plunger of the series coil will be drawn 
upward into the coil farther and farther until the 
pressure on the carbon pile is decreased to such an 
extent and its resistance increased to such an extent 
that it will reduce the generator field current, which 
flows through the carbon pile, to a proper value so as 
to compensate for the rise in train speed and cut 
down the generator voltage to a normal value. 


In the same way, if the train speed decreases the 
generator voltage would tend to decrease, but the field 
current will be automatically increased by the series 
plunger lowering and increasing the pressure on the 
carbon pile. This will increase the current flowing 
through the generator fields and compensate for the 
reduction in generator speed and so maintain the gen- 
erator voltage constant. 
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Operation of Voltage Regulator. 


As the battery continues to charge, its voltage will 
eradually rise and, of course, the voltage of the gen- 
erator will always be maintained slightly above that 
of the battery in order to force the charging current 
to flow from the generator to the battery. 

It will be noted from the wiring diagram, Fig. 209, 
that the voltage regulating coil receives full generator 
voltage and the current through this coil will grad- 
ually increase as the battery voltage on charge rises. 
After the voltage of the generator and battery has 
risen to (40 volts for a 30-volt system with a lead 
battery, 80 volts for a 60-volt system with lead bat- 
tery), the current flowing through the voltage regu- 
lating coil will then be sufficient to lift its plunger. 
The carbon pile shown at the top of Fig. 210 is really 
floating between two systems of levers, the lever of 
the series coil bearing at the right hand end of the pile 
and the lever from the voltage coil bearing at the left 
hand end of the pile. Either coil, or both, can then 
control the pressure on the carbon pile. 


After the generator and battery voltage has risen 
to 40 volts, the voltage regulating coil will then as- 
sume complete control of the system and prevent the 
generator voltage from rising above that value. As 
the battery continues to charge, however, its voltage 
will tend to rise higher, but this is prevented by the 
action of the voltage coil, so the charging current to 
the battery will begin to taper off to a lower value. 
As soon as the taper begins, the current flowing 
through the series regulating coil will then no longer 
be able to hold up its plunger and this will gradually 
fall. The plunger of the voltage coil, however, auto- 
matically rises slightly to compensate for this, so as 
to keep the pressure on the carbon pile at a proper 
value. The generator then acts like any constant volt- 
age machine, delivering the current required by the 
lamps and also providing a slight charge to the bat- 
tery, the amount of charge depending upon the point 
to which the battery charge has tapered at that time. 

There is a small resistance unit mounted on the right 
hand side of the automatic switch frame, Fig. 210. 
This resistance unit is to be inserted in series with the 
voltage regulating coil when Edison batteries are used. 
This increases the resistance of the voltage regulating 
coil circuit and and so requires a higher voltage to 
force the same amount of current through the coil 
and lift the plunger. With this resistance in series, 
the regulator controls the voltage at approximately 
45 volts maximum for a 30-volt system and 90 volts 
for a 60-volt system. 


Open Battery Circuit. 


Another very important function of the voltage reg- 
ulating coil is to prevent injury to the system in case 
the battery circuit is accidentally opened, such as 
would occur with a broken battery connector, a leaky 
tank, a blown battery fuse, etc. 

Without the voltage control, under these conditions 
the generator voltage would be entirely uncontrolled 
and with a high train speed would mount to a very — 
high voltage, burning out coils, etc. Even with an 
open battery circuit, however, the voltage regulating 
coil immediately assumes control of the system and 
prevents the generator from rising above normal value; 
moreover, while the train is above critical speed the 
current to the lamps will be maintained at normal 
voltage. 

The lamp regulator and the subjects of maintenance, 
inspection, dismantling, etc., will be discussed next 
month. 
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Test of Pole Magnetism 

It sometimes happens that in changing a set of 
fields in an axle generator, one coil is reversed and 
while the machine may run after a fashion it will be 
so much out of magnetic balance that it will spark 
badly and give a much reduced output. 

This seems at first thought to be a very simple 
matter, just remove the armature and excite the fields 
from a battery and test their polarity with a com- 
pass. The car lighting men who have tried this will 
know that it is impossible to use a compass in 
such a strong magnetic field because its polarity will 
generally be reversed which will cause incorrect in- 


Fig. 1. Fig. 3. 


Diagrams Showing Simple Method of Testing Generator Polarity. 


dications. I have seen a horse-shoe magnet when 
used in place of a compass act in a most erratic’ man- 
ner. It was''so affected by the magnetic field that 
the polarity. of one leg was reversed so it had two 
north poles at the ends and one south pole at the 
yoke. sinha tin on fae 

Here is a way to overcome this difficulty. With a 
piece of wrought iron about 4 in. long test each pair 
of poles as shown in Fig. 1. There should be a power- 
ful attraction between adjacent poles, and if there is 
little or no attraction between two poles, try each 
magnet singly by applying a piece of wrought iron 
to each pole, as shown in Fig. 2. If any coil is not 
working properly this test will indicate the fault. 

A good check on this test is made by taking a piece 
of wrought iron such as a ¥% in. bolt approximately 
equal in length to the diameter of the armature, place 
one end in the center of this pole and hold the other 
in the center of the gap between the poles opposite 
as shown in Fig. 3. The direction in which the bolt 
is attracted will indicate the polarity of the pole in 
question. If the coil No. 1 is assumed to be reversed, 
this test shows that No. 1 and No. 3 are of opposite 
polarity for unlike poles attract. The other poles 
may be tried in the same way—E. C. Mielloret, 
Peeks ROR: y. 


Tool for Undercutting Mica on 
Commutators 


A tool similar to the one shown in the accompany- 
ing diagram is very handy for undercutting the mica 
on commutators. Two pieces of tool steel are bolted 
together, one piece being made with a projection, on 
which a wooden handle is fitted. Between these two 
pieces of steel a hack saw blade, which has been 


ground thin enough to work between the segments, is 
clamped. Rapid work can be done with this tool and 
it is heavy enough to be rigid. 

J. E. Millard, Topeka, Kans. 


A Simple Tool for Undercutting Mica on Commutators. 


Loose Dynamo Pulleys 


We have had a number of cases in which either the 
taper in the dynamo pulley or the taper on the shaft 
would allow the pulley to slip onto the shaft too far. 
This caused the pulley to become loose on the shaft 
when the retaining nut was perfectly tight. 

An easy method to correct this difficulty is to apply 
a 7-in. washer between the pulley and the nut, which 
will force the pulley up onto the taper and at the same 
time not allow the nut to strike the shoulder. 

Clyde Stewart, Santa Fe R. R., Chicago, III. 


Charging 30-Volt Cars in Series 


Take two receptacles and one plug, three pieces of 
wire (about No. 2 flexible) 12 inches long and connect 
the two receptacles in series with the plug. 

By the use of this connector you can charge two 
30-volt cars from any one yard receptacle using the 
same amount of current as you would to charge a 
single 30-volt car with portable rheostat. 

Chas. W. T. Stuart, Philadelphia. 


A Communication. 

To The Editor: I have found Lesson No. 39, page 
No. 345, in regard to some peculiar things about battery 
grounds very interesting, and the explanation very clear. 

Part of the theory is in line with our general ideas, but 
some of it might be open to further discussion or con- 
firmation. 

For example, in our central station 3-wire batteries 
we find most of the leaky cells and electrolysis on the 
positive side of the system, the theory being along the 
same lines that you have laid out; viz., that on the posi- 
tive side current leakage over the insulators is in the 
proper direction to attack the outside of the linings of 
the tanks. 

In regard to the sediment being transformed into lead 
sponge or peroxide, I think there-might be room for 
some discussion as far as this definitely shows any par- 
ticular condition. For example, this might result from 
other causes than leakage between the tank lining and 
ground, and I think you will find that the quality of the 
sediment varies in rubber jars, which would indicate that 
there might be some other explanation in at least some 
cases.—H. M. Beck, Operating Engineer, Electric Stor- 
age Battery Co. 
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Railway Signal Receptacles. 


Certain important improvements and simplifications in 
lamp receptacles for use in railway signal work are in- 
corporated in two valuable specialties issuing from the 
factory of the Benjamin Electric Mfg. Co., 120-128 S. 
Sangamon St., Chicago. 

With the abandonment of ancient methods of signal- 
ing and the adoption of the more reliable and flexible 


Signal Socket with R. S. A. Binding Posts. 


electric way, railway signal men have realized that suc- 
cessful operation of any system must depend-upon the 
fitness of the component parts for the duty demanded of 
them. With the steady advance toward better and more 
efficient equipment, it is coming to pass that the electric 
signal accessory to get a hearing must have the quality 


Signal Socket with Type ‘‘C”’ Binding Posts. 


of reliability and be particularly adapted to the special 
service. 

The Benjamin Company has clearly advanced a long 
step toward a standard type of receptacle for this work,— 
a service where the duty demand is unusually severe, and 
which is so closely associated with public safety and con- 
venience. 


Reactive Factor Meters. 


Although instructed to keep the power factor of the 
circuits over which they have control as near unity 
as possible, switchboard attendants often maintain a 
power factor of one or two per cent less than unity 
as being good and do not try to improve it. But com- 
putation and tests show that a power factor of even 
only one or two per cent less than unity is not as good 
as it appears to many station attendants, especially on 
rotary converters. At 98% per cent power factor the 
armature copper loss in the leading tap coils of a 


rotary is almost half again as much as at 100 per cent - 
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power factor. Under heavy load this is often enough 
to cattse trouble in the tap coils. Also, the average 
heating in all the armature coils is about a quarter 
again as much at 98/2 per cent power factor as at 100 
per cent. The capacity of the rotary 1s therefore de- 
creased considerably. 

The measurements of “idle currents” is in general 
a recent development, wattmeters having been used 
recently SO connected as to measure the idle volt-am- 
pere, or “wattless component”. The reactive factor 
meter, corresponds in its action to the power factor 
meter and bears the same relation to the latter, that 
the “wattless component meter” bears to the watt 
meter’. This meter indicates the size of the angle of 
lag or lead instead of the cosine as in the power fac- 
tor meter. Unity power factor is, therefore, indicated 
as zero reactive factor. 

If instead of the power factor meter there is on the 
circuit a reactive factor meter, a condition of 98% per 
cent power factor is indicated as 17% reactive factor, 


Reactive Factor Meter on Left and Power Factor Meter on Right. 


and the attendant will be more on the alert and will be 
more apt to improve it. 

Power factor and reactive factor are equal at the 
value 70.7 per cent. At higher power factor, the 
load conditions are more conspicuously indicated on 
the reactive factor scale. At lower power factors the 
reverse 1s true. Reactive factor meters are therefore 
recommended for use only on circuits operating nor- 
mally at power factors close to unity and which never 
fall below 70 per cent. 

The Westinghouse electric reactive factor meter, 
which has been recently introduced, operates on the 
rotating field principle, like their power factor meters, 
now on the market for several years. A rotating field 
is produced in angularly placed coils connected in shunt 
with the metered circuits, one for each phase of the 
system in the case of polyphase meters. In their field 
is provided a movable iron vane or armature, magne- 
tized by a stationary coil whose current is proportional 
and in phase with that of the line current in one phase 
of the circuit. As the iron vane is attracted or repelled 
by the rotating field of the angularly placed coils, it 
takes up a position where the zero of the rotating field 
occurs at the same instant as zero of its own field. Thus 
its position indicates the phase angle between the volt- 
age and current .of the circuit. The reactive factor 
meter is then calibrated to read the sine of the angle 
indicated, while the power factor meter is calibrated 
to read the cosine. 


June, 1915. 


Automatic Section Insulator. 


A new section insulator has recently been patented 
by the Westinghouse Electric & Mfg. Co. These in- 
sulators are inserted in trolley wires where it is de- 
sirable to energize a section when the trolley passes 
onto it and to de-energize it when the trolley passes 
off. They are used extensively in mining installa- 
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Plan and Secticn View of Automatics Section Insulator. 
tions where a branch is to be energized only when 
the locomotive is on that branch. Leakage losses and 
dangers of contact by persons passing under the trolley 
wire are thereby averted when the locomotive is not 
on the branch. Street railway companies sometimes 
use them in the same way. 
The circuit is opened and closed by a switch blade 
mounted on a rocker that the trolley operates. In 


Batteries. 


The “Chloride Accumulator ”’, 


The “Tronclad=Exide” 
For Locomotive Headlights 
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one position the blade connects with copper con- 
tactors. In the other there is no connection. A brass 
plunger pressing against a steel roller gives a position 
centering action and prevents the rocker from remain- 
ing in an intermediate position. There is no arching 
at the switch contact, because the rocker is always 
energized and the switch connection is always opened 
or closed while the trolley wheel is on the rocker. 

Side bars of impregnated hickory take the stress. 
All metal parts are either sherardized or of bronze. 
Wedges are used to hold the trolley wire and an in- 
ternally threaded chuck, like that used in the West- 
inghouse Cleveland splicer, supplements these. A 
flexible woven-copper bond.carries current to the 
switch blade on the rocker. 

These insulators are manufactured by the Westing- 
house Electric & Mfg. Co. and are the same. auto- 
matic insulators that have been manufactured by that 
company for some time past. 


A Handy 
Volt Ammeter 


weighs less than 3 lbs., size only 3x5x6 inches, can 
be furnished with 3 voltage and 3 ampere ranges. 
It is easily carried in hand or case—the ideal instru- 
ment for inspectors. Write for particulars and com- 
plete catalog of pocket, portable and switchboard 
Voltmeters, Ammeters and Voltmeters. 


Louis M. Pignolet 


73 Cortlandt St. 
NEW YORK 


Battery 


Many railroads are considering the use of electric headlights 
for locomotives. 


The Southern Pacific Railway Company have 946 locomotives 
equipped with electric headlights and ‘‘fronclad=Exide”’ 


The characteristics of this battery make it particularly suited 
to the requirements of this class of work. 

life and can be operated for much longer periods without 
cleaning than any other type. 


It is rugged, has long 


Our engineers have carefully studied this subject and will be 
glad to co-operate with you, furnishing you with any help 
or information you desire. 


Write our office nearest you. 


THE ELECTRIC STORAGE BATTERY CO. 


MANUFACTURER OF 


The ** Tudor Accumulator’’ 


The “Exide’, “HycapzExtde’, “TUbin-Exide’ and “ fronclad=Extoe” Batteries 
New York Boston Chicago Rochester PHILADELPHIA, PA. Washington Denver SanFrancisco Pittsburgh 
St. Louis Cleveland Atlanta Detroit 1888-1915 os Angeles Seatt e oronto 
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For All Clageaaren 
“DELTABESTON’” 


‘ae meres Magnet W ire is insulated 


word in efficient with pure asbestos 
office lighting. 
Ask for details. A simple test to prove that “Deltabeston” 


Magnet Wire is entirely indestructible under 
commercial conditions is to couple a piece of 
“Deltabeston’” with ordinary magnet wire and 
subject to the same currents. You may com- 


A Customer Says ° pletely destroy the cotton covered wire with- 


out affecting “Deltabeston.” 


Have your Old Motors, when burned out, 
“The 400-watt lamps with large base rewound with “Deltabeston” Magnet Wire, 
came in today and we are now enjoying and specify it when ordering new motors. . 


a perfect office light; no dark corners, The largest electrical companies have 
no shadows, no eye strain. Like so many adopted “‘Deltabeston’” VVire for winding their 


a, Aye ey Ae motors. Just specify “Deltabeston’” Magnet 
ets te: coe pe tid y : Wire and don’t confuse it with any other 
unknown to a previous age, we dont | 


asbestos covering. 


see how we got along without it. VWVill INVESTIGATE TODAY a LET US 
certainly make use of more ALEXA- SEND YOU A FREE SAMPLE AND 
LITES when opportunity offers.” OUR DESCRIPTIVE FOLDER. 


In addition to the above, we carry a complete stock in Chicago, for 
dulets, linemen’s tools, pole line material, glassware, reflectors, incan- 


Special car material, such as car switches, distributing boxes, switch- 
If it’s electrical, we are in position to furnish it. 


INQUIRIES AND ORDERS 


Central Electric Company 
“The House of Service” 


320-326 So. Fifth Abenue | Chicago 


June, 1915. 
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For Permanent Construction 


(Clark Patent) 


Clark Insulator Clamps 

(For fastening conductors to insulators. ) 
Clark Guaranteed Splicing Sleeves 

(For splicing conductors. ) 

Clark Protective Clamping Sets (Approved) 


(For protecting Railroad, Telegraph and Tele- 
phone crossings. ) 


Write for information. 
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tk and 
The Cta Manufacturing 


TRANSMISSION LINE SPECIALISTS 
SINGER BUILDING NEW YORK 


Company 


LET US BID ON YOUR MONTHLY REQUISITIONS 


OLIVER QUALITY 


EFFICIENCY 


EXCLUSIVE MANUFACTURERS 


OF ALL TYPES OF 


AXLE-DRIVEN ELECTRIC TRAIN-LIGHTING 


HEADLIGHT PARTS 


WE HAVE SPECIALIZED IN THIS FIELD AND IT MEANS A SAVING 


FOR YOUR ROAD 


TO USE 


SHAFTS 
BRUSHES 
FIELDS 
PULLEYS 


BEARINGS 
ARMATURES 
SOLENOIDS 
SWITCHES 


BATTERY-CONNECTORS 
COMMUTATORS 
POLE-CHANGERS 
ELECTRODE-HOLDERS 


MANUFACTURED BY 


OLIVER ELECTRIC & MFC. CO. 


ST. LOUIS, MO. 


2217-19-21 LUCAS AVE. 


20 RAILWAY ELECTRICAL ENGINEER Voll7, Novi, 


An Important Fe ature of 
Modern Railrode 


ervice 


Aree 


estinghous : 
Mazda Lamps ns 


There is no more important feature of the up-to-date 
railroad coach than the electric light which has so much to 
do with the safety, comfort and convenience of the pas- 
Serigers. * 


The adaptability, strength, superior light and uniform 
quality of the Mazda Lamp have made possible the uni- 
versal adoption of electric lighting for car lighting. 


The name Westinghouse Mazda means something in 
railroad service of today. 


Westinghouse Mazda Lamps for Train Lighting 


Diam. Maximum Base |Standard 

Volts | Nominal | Efficiency |Type and | Bulb Over all Reg. Package 

Watts W.P.C. |Size Bulb | Inches|Length Inches| Suppliéd,|Quantity 

10 aban ly 
25-34 a5} ilgakte G-18% 2 5-16 334 Med.screw 100 
and 20 1.15 
50-65 25 1.10 } 

50 1.00 G-30 334, 6% Med.sc.sk. 24 
and 75 0.95 G-30 334 6% Med.sc.sk 24 
60-65 


Westinghouse Lamp Company 


Atlanta Chicago Detroit New York Salt Lake City 
Baltimore Cincinnati Kansas City Philadelphia San Francisco 
Boston Cleveland Los Angeles Portland Seattle 

K Buffalo Dallas Milwaukee Pittsburgh Syracuse 

x Butte Denver New Orleans St. Louis 


Export Sales Department—165 Broadway, New York City. 


July, 1915. 
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The Pasted Plate Battery in Car 
Lighting Service 

Pasted plates have never been used very extensively 
in electric car lighting service, although they have been 
thoroughly tried out in this service at various times 
by different railroads. That these trial installations 
have proved, for the most part, to be a failure, was un- 
doubtedly due largely to the fact that in the early days 
car lighting service was rather severe on the battery. 
This was probably due both to the fact that the battery 
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was frequently overcharged at high temperatures by 
the axle lighting equipment, and on the other hand 
was often allowed to stand in a discharged condition, 
causing sulphation of the plates. Even in head-end 
service, where the battery receives a certain amount 
of personal attention, the plante type plates were found 
to stand up better than the pasted type plates. 

The successful operation of a great number of 
pasted type plate batteries in motor truck service, how- 
ever, has demonstrated the fact that their failure in 
electric car lighting service was not due so much to 
the conditions of mechanical vibration as to the elec- 
trical treatment which the battery received, for there 
is no doubt that a battery mounted on a commercial 
motor truck receives more severe vibration than when 
mounted on a railroad passenger car. 

With the present modern axle generator equipments 
employing the taper charge principle produced by con- 
stant voltage control, or those having the ampere hour 
meter control of battery charge, the severe conditions 
of overcharging are greatly reduced, if not eliminated 
entirely. Therefore, the pasted type plates should soon 
come into more general use for car lighting service, and 
under the improved operating conditions now existing 
should give reasonably long life. 

It is interesting to note the attempt on the part of 
one battery manufacturer to produce a pasted type plate 
which will stand up in car lighting service. In another 
part of this issue is published an article describing a 
double positive type pasted plate and illustrations show 
the condition of the plates after 4%4 years service on a 
buffet and parlor car with an axle equipment. 

This is a novel type of construction and if the results 
as shown can be duplicated with a large number of bat- 
teries in all classes of service, this type of battery un- 
doubtedly will have a future in car hghting service. 
However, it must be remembered that this is simply 
an experimental battery and one isolated case. 

Some battery engineers will doubtless inquire, “Why 
not make the positive plate one thick plate instead of 
two thin plates spot welded together?’ Since a space 
of about % in. is provided between the plates, this 
allows the electrolyte to easily enter and leave the 
active material on the inside surfaces. Whereas, if 
this same amount of active material were made into 
one solid plate the diffusion of the electrolyte to and 
from the active material at the center of the plate 
would necessarily take place more slowly and there 
might be a tendency for the active material at the 
center to become sulphated because of the fact that it 
was not worked sufficiently. In any event, the results 
of these tests seem to be so promising that a further 
investigation is undoubtedly warranted. Attention, 
however, should be called to the fact that under the 
existing conditions of the operation of modern types 
of axle equipments, wherein the severe conditions of 
overcharging are largely eliminated, the necessity for 
adopting a battery of the double plate type in order to 
withstand the conditions of this service, are much less 
at the present time than they were five years ago when 
this battery was put into service. Moreover, it would 
seem that under the improved operating conditions an 
ordinary pasted type plate with a moderately heavy 
grid, well reinforced, should give satisfactory service 
and show long life. 

Long life is one of the chief criterions of battery 
excellence in car lighting service and when it has been 
established that this may be obtained from pasted type 
plates, their other advantages of low cost and light 
weight will undoubtedly cause this type of a plate to 
come into very general use for railway car lighting 
service. 
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Held at Deer Lodge, Maryland 


At the 32nd Annual Convention of the American In- 
stitute of Electrical Engineers, held at Deer Lodge, June 
29 to July 2, the session held on July 1 was devoted to 
papers on the construction and operation of third rail 
and overhead contact systems. The desirable features of 
different designs was given and the difficulties that have 
been met with in the different systems is given special 
attention. Cost data and construction and maintenance 
was very complete and will prove a valuable guide in 
future projects. Those portions of the papers which 
should prove of especial interest in the electrification of 
steam railroads are given in the review below. 


J. V. B. Duer, assistant engineer Pennsylvania R. 
R. of Altoona, Pa., gave the details and cost of con- 
struction as observed and compiled from the 7 years’ 
operation of the West Jersey & Seashore R. R. This 
railroad has about 132 miles of third rail, equivalent 
single track mileage and 20 miles of trolley track, 
which includes .91 miles of trolley track which over- 
laps the third rail. Substations are located approxi- 
mately 10 miles apart and no third rail feeders are 
used. The substation boss voltage is now maintained 
at 700. Trains of from 2 to 7 cars are operated. 


Third Rail amd Trolley System. 
West Jersey @ Seashore R. R. 


Construction Details. 


The third rail throughout is of the P. R. R. stand- 
ard cross section and composition. The rails are 
in lengths of 33 ft., weight 100 lbs. per yard, and have 
a conductivity about equal to that of a copper rod of 
1,200,000 cir. mil. area. Each rail joint is bonded 
with two copper ribbon bonds of 500,000 cir. mil. area 
each. The third rail end approaches are made of cast 
iron. 


The third rail insulators used are of reconstructed 
granite or porcelain and are held in position by a metal 
centering cup which is secured in the tie by means of 
a lag screw. The rail rests on, but is not fastened to 
the insulator, thus preventing strain on the insulators 
when the ties are depressed, due to a passing train. 
The insulators are placed on ties 9 ft. 4 in. long spaced 
approximately 8 ft., or every fourth tie. An insulator 
of new design has recently been adopted, due to a 
change in the method of supporting the top protec- 
tion boards. Fig. 1.) 


The third rails were originally protected only at 
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PROPOSED 


General Arrangement of Protection Added to Third Rail, 
Using the New Type of Insulator. 


Fig.) i. 


stations, 75 ft. on either side of road crossings, and 
in terminal yards. The bottom casting, attached to 
the rail by a hook bolt, supports the whole protection 
structure. (See Fig. 1.) A maple post attached to 


the bottom of the casting by a bolt, supports the 
top casting to which are bolted the ends of adjacent 
top protection boards of 2-in. plank. 

During the early part of 1912, top protection was 
added to all unprotected rail. The board is supported 
by wrought iron brackets attached to the long ties 
carrying the insulators and adjacent boards are joined 
together by means of a wrought iron plate. Orig- 
inally the wood was not treated in any way, but was 
given several coats of paint after installation. But 
in this latter installation they were given two coats 
of hot creosote. 

A regular No. 4/0 grooved section trolley wire was 
used, supported by 3%-in. galvanized steel stranded 
span wire at a height of 22 ft. above the track. Most 
of the supporting poles are of wood, though tubular 
steel poles are used to some extent. Experience has 
shown that stranded wire bonds give the least trou- 
ble. So little difficulty has been experienced with the 
third rail that it has not been found necessary to sec- 
tionalize it to any great extent. 


Original Cost of Construction. 


The original cost of construction for the third rail, 
including rail bonding, insulators, protection, etc., for 
the 131.73 miles of road was $557,636.00, making the 
cost per mile $4,235.00 The cost for 19.56 miles of 
trolley wire, including wire, poles, line material, light- 
ning arresters, etc., was $80,500.00, or a cost of $4,- 
120.00 per mile. The cost of 151.29 miles of track 
bonding was $102,659.00, or $678.50 per mile. 


Maintenance Experience. 


The third rail began to creep in the direction of 
traffic shortly after being placed in service, which re- 
sulted in straining the bond and breaking insulators. 
To overcome this difficulty the third rail was anchored 
to the ties at intervals from 1,000 to 1,500 fit. The 
splice bars were loosened and the joints oiled semi- 
annually. The anchors gave some trouble by break- 
ing down the insulation and it was found that the 
oiling of the joints was sufficient to prevent creeping, 
so the anchors were removed. 

For overcoming sleet formation, special cars were 
fitted with calcium chloride tanks with means for heat- 
ing same and distributing on the third rail while hot. 
These cars are hauled over the road by steam loco- 
motives when sleet begins to form and have aided 
materially in reducing trouble from this source. The 
addition of top protection overcomes sleet formation 
in a great many cases but is of little use when a 
driving wind accompanies sleet forming weather. 


Maintenance Costs. 


The average cost per single track mile per year for 
the last 7 years for maintaing trolley, third rail and 
track bonding systems has been $490.25 for the trol- 
leys; $81.74 for the third rail, and $25.84 for track 
bonding, which makes their respective cost 11.90, 1.93 
and 3.7 per cent of the investment per mile. 

The train detensions chargeable to contact systems 
in the year 1912 with 141.73 single track miles of 
third rail and 9.56 single track miles of trolley are 
as follows: The car miles per minute detension 
chargeable to third rail short circuits are 56,674; to 
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third rail out of place, 1,161,809; to third rail pro- 
tection out of place, 232,361; sleet on third rail, 11,- 
886; to trolley wire trouble, 17,085. 


Construction and Maintaimance 
Costs of Overhead Come 
tact Systems 


This paper by Mr. Amberg, engineer for McHenry 
& Murray, New Haven, Conn., is written with spe- 
cial reference to the electrification of the N. Y., N. 
H. & H. R. R. between New York and New Haven, 
to the New York, Westchester & Boston R. R., and 
Hoosac Tunnel Section of the Boston & Maine R. 
R. The New Haven section covers the entire engine 
district comprising 75 route miles of 4 and 6 track 
main line, 6 route miles single track branch line, large 
freight yards, station sidings and industrial spurs. 
meen. ¥:, W.& B. R. R. section consists of 1734 
route miles, of 4 and 2 track main line with yards and 
sidings. The B. & M. section consists of 8 route 
miles of double track with yards and sidings, includ- 
ing a tunnel section of 4.75 miles. 


Catenary Systems, 


Three distinct catenary systems have been installed 
on the New Haven and its allied lines, viz., double 
catenary, compound catenary and single catenary. 


Fig. 1. 


Double Catenary Installed on Original New Haven Elec- 
trification Between Woodlawn and Stamford. 


The double catenary was a pioneer installation ap- 
plied to heavy trunk line traffic conditions. It was 
considered necessary to provide stiffness against 
winds to keep the trolley within reach of the locomo- 
tive pantographs. Two 9/16 in. steel messenger 
strands were used, to which triangular hangers were 
fastened, these supporting the copper trolley wire. 
This combination, however, was not adapted to high 
speed service and was readily changed to a flexible 
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Fig. 3. Wood Section Break. 
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system by the addition of a steel trolley wire supported 
by clips from the proper conductor. The double cat- 
enary system has the advantage that if one messenger 
broke, the other would prevent the catenary from fall- 
ing. Its disadvantages are that because of the two 
live messengers it is impossible to do work on bridge 
trusses, where these wires pass, without having the 
power cut off. Lightning trouble has bothered con- 
siderably with an insulated messenger wire, but this 


Fig. 2. 


Hoosac Tunnel Electrification, 
Bridges and Double Insulation in Tunnel. 


Showing Light Catenary 


trouble has been reduced to a great extent by elec- 
trolytic lightning arresters. 

The compound catenary construction has a grounded 
messenger over each track which removes the live 
parts of the catenary from the trusses, eliminating 
lightning trouble and at the same time serves to keep 
the trolley wires nearly over the center of the track 
without the use of pull-off poles. On curves the 
“Murray” hanger is used. This is clamped to the 
messenger and is held at a suitable angle by the act- 
ing forces. Even on reversed curves no difficulty has 
been experienced in keeping the contact wire in its 
proper location. On curves above 2 deg. the temper- 
ature has an influence on the alignment of the contact 
Wire, requiring the use of pull-off spans between 
bridges. 

In the single catenary construction the insulators are 
attached to the under side of the trusses and the 
single catenary suspended from them. This also 
keeps the live wires of the catenary below the steel 
work and for tangent sections the bridges can be 
spaced 300 ft. This construction may be used for 
both main line and yard work and in yards the copper 
wire may be omitted for the reason that in the av- 
erage yard the trolley wires have sufficient current 
carrying capacity, since several tracks are connected 
in multiple. 

For future electrifications steel contact wire will 
doubtless be less used, for it rusts considerably; this 
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The Flexible Wings Are Arranged to Prevent an Engine from Stalling at This Point. 
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rust is washed off by rain and drops off on the coaches 
and locomotives, making them unsightly and necessi- 
tating more frequent painting. Where locomotives are 
operated infrequently rust collection causes increased 
sparking and burning of pantograph shoes. 

Mr. Amberg states that the insulators used on the 
New Haven electrification were all tested for 110,- 
000 volts. Temperature strains in porcelain insulators 
should be given most careful consideration, especially 
in a dead end type and failure is most frequent where 
clearance between the locomotive stack and the in- 
sulator is restricted. 

Supporting Structure. 

There are three classes of supporting structures 
used—bridges, steel or wood with cross spans, and 
poles with brackets. The supporting. structures on 
the New Haven and the N. Y., Westchester & Boston 
were designed not only to carry the catenary system, 
feeders and transmission lines, but also a signal over 
each track weighing 2,400 lbs. A bridge was the 
only structure which would fulfill these conditions. 

On the New Haven electrification between Wood- 
lawn and Stanford the bridges are designed so that 
all overturning moments were taken at the base, a 
feature which required large foundations. The bridges 
for the Harlem River branch and the main line be- 
tween Stanford and New Haven were designed to take 
the moments resulting from stresses acting across the 
track in the corner connections between posts and 
truss. This construction is much lighter, as the foun- 
dations have only to resist the overturning moment 
along, and the shear across, the track. 

It is necessary to sectionalize the contact system to 
locate trouble and to make repair with the least in- 
terference to operation. ‘To disconnect a defective 
section quickly, automatic oil circuit breakers are used. 
The actual break and gap in the track catenaries can 
be made in different ways, and two different types are 
in use on the New Haven, the one rigid and the other 
flexible. The accompanying illustration -(Fig. 8) 
shows a rigid type wood section insulator, which gives 
a simple construction but produces an undesirable 
hard stop for high speed operation. A movable ap- 
proach wood section brake somewhat reduces the 
effect of the hard stop. Flexible wings shown at the 
wood section break prevent an engine from getting 
stalled at that point. . 

Mr. Amberg gives curves which show the cost of dif- 
ferent types of catenaries on 2, 4 and 6 track sections 
at various curves. He also gives detailed cost data 
on the erection of the catenary. The cost of feeder 
and transmission lines varies from $20.00 to $50.00 
per mile of wire and in large yards of regular layout 
the total cost can be as low as $3,000.00 per mile of 
single track, inclusive of sectionalization and feeders. 


Construction, Maintemance and 
Cost of Overhead Contact 
System 


In a paper under this title, Mr. F. Zogbaum, engi- 
heer of maintenance of New York, Westchester & 
Boston R. R., gave a general view of the problems 
involved in maintenance and cost of overhead contact 
systems of the catenary type. Mr. Zogbaum states that 
one of the most important matters pertaining to the 
maintenance of an overhead catenary system is the 
inspection of the contact wires and the transmission 
system. Although on some roads it has been found 
advisable to stagger the contact wire in order to get 
uniform wear on the pantograph, it has not been’ 
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found necessary in this case. He calls attention to 
the swaying movement of the train, especially on 
curves. 

This railroad consists of 54.26 miles of contact wire 
and 181.29 miles of transmission lines. The contact 
wire is suspended over 30 per cent curved track and 
70 per cent tangent track, so that practically the only 
adjustment necessary is on 30 per cent of the road. 
Included in the catenary system are 6 sectionalizing 
or anchored bridges and 77 high tension oil circuit 
breakers, which are used for sectionalizing the high 
tension power. 

The organization for maintenance of the catenary 
transmission system is headed by the engineer of 
maintenance, to whom the general electric foreman 
reports direct. The general electric foreman has un- 
der him one day foreman, one night foreman, five 
linemen and one assistant lineman. The day foreman, 
three linemen and assistant lineman cover the entire 
system and make repairs on practically all the ap- 
paratus except the contact system or transmission 
system. The night foreman and two linemen cover 
the entire line and use a work train in inspecting and 
repairing the contact system. The work train con- 
sists of one gasoline electric locomotive and work car. 
A platform is mounted on top of the locomotive and 
a large search light aids in making the repairs. 

Operating Efficiency. 

In 1913 there were 27,927 car miles operated per one 
pantograph failure. In 1914, 55,503 car miles operated 
per one pantograph failure, and for the three months 
ending March, 1915, the record was 64,799 car miles. 
Some of the causes of broken pantographs are wire 
off center, low joints on running rails on curves, over- 
head frog on deflector out of adjustment and loose 
leaves on contact wire. During the year of 1913 the 
total number of train miles operated was 879,000, 
power trouble caused 210 delays, totaling 2,170 min- 
utes. Pantograph and contact wire trouble caused 17 
delays with a total loss of 129 minutes. In 1914 the 
train miles operated were 878,000, the delays due to 
power trouble were reduced to 97 with a loss of 2,256 
minutes. Fifteen delays due to pantograph and con- 
tact trouble caused a loss of 117 minutes. During the 
first three months of 1915 there were 217,000 train 
miles operated with no loss due to power trouble and 
one delay of two minutes’ duration due to pantograph 
and contact wire trouble. 

Mr. Zogbaum gives tables classifying the causes 
for delays during the period of 1913 to date. 

This road has been especially free from insulator 
failures. Out of the total number of 2,339 insulators 
carrying the signal transmission lines, no insulator 
failures have occurred in three years’ operation. Out 
of the 6,761 insulators carrying 11,000 volt lines, one 
contact line insulator failed in 1918, six contact and 
one transmission line insulators failed in 1914, and 
but one insulator failure on the transmission lines 
in 1915. 

Wear. 


The total wear on the contact wire to date has 
amounted to ¥% in. in flat surface and on the under 
side of the grooved contact wire. At this rate it will 
not be necessary to remove the steel trolley wire for 
S1x or seven years at least. 

_ The life of the pantograph varies from 1,000 miles 
in the winter, to well over 2,000 miles in the summer. 
The decreased life in the winter is due to the additional 
tension necessary on the upward motion of the panto- 
graph on account of the raising in the contact wire 
caused by contraction. The total cost per car mile 
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July, 1914, was $.015 and for December, 1914, $.014. 
These figures include supervision, transmission and 
contact system, miscellaneous electric line expense, 
work train, etc. 

Mr. Zogbaum gives a brief description of the rules 
and regulations which are enforced by the company 
to prevent accident to the employees resulting from 
working with so high a voltage. 


Top Contact Unprotected Cone 
ductor Rail for ©OO-Volt 
Traction System 


This is the title of a paper written by Charles H. 
Jones, assistant electrical engineer of the Metropol- 
itan West Side Elevated R. R. of Chicago. This paper 
deals with the various factors which enter into the 
construction, operation and maintenance of top con- 
tact, unprotected third rail located to one side and 
above the coach line above the track rail on a heavy 


Fig. 1. Gravity Type Collection Shoe for 600 Volt Contact Rail 


Service. 


600-volt direct current protection system using a grav- 
ity type collection division. 

The following elements were considered in this 
paper: Weight of rail, quality of rail, insulating and 
supporting, bonding and jointing, anchoring, special 
work required, method of connecting at crossings, cost 
of installation, and maintenance. 


Weight of Rail. 


At the present time the third rails weighing from 
40 to 150 Ibs. per yard have been in service. The light 


Fig. 5. Side Incline Approach. Fig. 3. Expansion Joint in 
Fig. 2. .Impregnated Wood In- Third Rail Makes Good Running 
sulator. Base Casting Is _the Surface. Note Long Bonds Nec- 


Same for All Lengths of Rail, 
But Length of Block and Top 
Castings Are Varied. 


rail has been less satisfactory and recent practice has 
abandoned it for a heavier rail, except for yard pur- 
poses. The great advantage of heavy rail is that a 
large amount of conductivity can be installed for al- 
most the same amount of labor charge as that required 
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to install a light rail. Ifa paralleling feeder system 
is required, even with an extremely heavy rail, a me- 
dium weight rail from 80 to 100 Ibs. will give more 
satisfactory results. Mr. Jones gives the useful life 


of a 40-lb. rail as 20 years; that of a 48 to 50 Ib. rail 
as 26 or 27 years, and an 80-lb. rail installed 12 years 
shows a very small amount of wear to date. 

The standard A. S. C. E. section is very satisfactory 


Fig. 4. Method of Anchoring 
Short Lengths of Rail by Means 
of a Wood Strain Insulator. 


Fig. 5. Side Incline Approach. 


for rails weighing up to 80 lbs., but for those heavier 
than this a special section is perhaps advisable, which 
will throw more metal into the contact surface. 


The Quality of Rail. 


The conductivity of the rail will vary inversely 
with the percentage of carbon or manganese allowed 
to remain in the finished rail. Increasing the conduc- 
tivity will, however, make the rail considerably softer, 
requiring careful handling. The rate of wear of low 
carbon and ordinary steel is about the same. In Mr. 
Jones’ opinion there is nothing to be gained by insist- 
ing on high conductivity when using rail weighing 
less than 80 lbs. Above 80 lbs., the question requires 
careful consideration, for the gain in conductivity 


Incline Made by Cutting Web Out of Steel Rail. 


Fig. 6. 


costs almost as much as paralleling the rail with a 
copper feeder system. The problem of insulating 
the contact rail of a 600-volt system is more a me- 
chanical than an electrical one. Porcelain, recon- 
structed granite, or insulators having castings bolted 
together have not been satisfactory when there is 
vibration. An insulator should be so designed that 
it has a large leakage surface so as to prevent current 
leakage during wet weather. A type of impregnated 
wood insulator has proven very satisfactory on this 
road for rails weighing from 40 to 80 lbs. The base 
casting is the same size for all weights of rail; the 
length and top of casting are varied for the different 
weights of rail. The spacing should not be greater 
than 10 ft.; otherwise the rail will wear in spots. An 
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insulator will ordinarily last from 10 to 12 years, 
although in one system many impregnated wood in- 
sulators have lasted from 15 to 20 years. 

Copper bonds with a current carrying capacity 
equal to that of a solid rail are used for joining the 
rails. To control variation in the length of rail, due 
to temperature changes, it is cut up into lengths from 
1,000 to 1,200 ft. These sections are anchored in the 
center so all expansion takes place at the ends. One 
method of anchoring these sections is to connect sev- 
eral strain insulators in multiple to an iron plate which 
is extended over and bolted to several ties. The other 
end of these insulators is attached to the base of the 
rail. The expansion gaps between these stretches of 
rails is best taken care of by ending each run of rails 
with a suitable incline and leaving a 3 or 4 ft. space 
between each stretch of rail. 

A good method to follow on a third rail is to pro- 
vide the incline at the end of a full length rail. Mr. 


Fig. 7. Crossing Connection Ca- 
ble Terminal for Protection 
Against Breakdown, for Use With 
Clay or Fiber Duct or Iron Pipe. 


Jones also described several methods of guiding the 
contact shoe onto an incline. 


Mr. Jones gave data on the laying of third rail of 
different weights. The cost per mile of single track, 
using 80-lb. A. S. C. E. standard rail in 60-ft. length, 
is $3,309.52 and $352.80 for labor, making the total 
cost for labor and material with 10% for supervision, 
$4,028.55. The cost for laying a mile of single track, 
50-Ilb. A. S. C. E. rail in. 30-ft. lengths, is $2,507.52 
for material, $478.20 for labor, plus $298.57 as the 10% 
charge for supervision, or a total cost of $3,284.29. 
The estimated cost of maintenance per mile of con- 
tact rail is $80.00. This does not, however, include 
a complete renewal of rails, plates and bonds such as 
will occur when the rail is completely worn out. 


The Contact System of the Southe- 
erm Pacific, Portland Division 


Paul Lebenbaum, electrical engineer of the Port- 
land, Eugene & Eastern Railway, describes the over- 
head contact system of the electrified lines of the 
Southern Pacific Co. He enumerates the designs, 
materials of construction and tabulates the material 
and labor costs. The electrified lines of this com- 
pany extend from Portland to Whiteson, a distance, 
via Forest Grove, of 54 miles and via Newberg, 45.2 
miles, as shown on the accompanying map. The total 
single track mileage of the main line is 104 miles, 
with approximately 16 miles of electrified second track 
and sidings. The operating potential is 1550 volts, 
with the exception of 3 miles of 600-volt trolley in 
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Portland. Construction began in July, 1912, and the 
lines were put in electrical operation in January, 1914. 

The side bracket type of catenary construction is 
used for the most part, the poles being placed on the 
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Fig. 1. Map Showing the Extent of Present Electrification and the 
Ultimate Plans of the Southern Pacific Co., Portland Division. 


outside of curves, cross span construction being used 
where the poles change from one side of the track to 
the other. 
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Fig. 2. Standard Bracket Arm Construction. 
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On tangets the standard pole spacing is 150 ft., 
but the average spacing is approximately 98 ft., 
since that portion of the road lying between Sherwood 
and Springbrook is exceedingly crooked, and 25% of 
the main line mileage is in curved track. The stand- 
ard pole length for catenary construction is 35 ft., 
for transmission and catenary, 40 ft. The cost at the 
hole of various lengths of pole having a 9-in. top is 
$6.90 for 35-ft. pole, $7.50 for the 40-ft., $25.00 for 
the 45-ft., $8.85 for the 50-ft., and $9.60 for the 55-ft. 
pole. All poles were given two thorough brush treat- 
ments with carbolineum avernarux from a point 18 
in. above the ground to within 3 ft. of the bottom. 
The preservative was applied by means of burlap 
fastened to the ends of long mop handles and was kept 
hot by steam coils placed on the bottom of the shal- 
low tank, over which the poles were rolled. Approx- 
imately one gallon of preservative was used per pole, 
at a cost of about 50c apiece. 


All pole and line material is galvanized or sherar- 
dized, all bolts and nuts being given the latter treat- 
ment. Hangers are installed at 15-ft. intervals; the 
line is sectionalized at all junction points, at sub- 
stations, and where the voltage changes from 1,500 
to 600. To eliminate hard stops a section brake has 
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Catenary Hanger, Loop Type. 


been developed, consisting of 2 parallel wires suit- 
ably insulated from each other. 

The cost per mile of tangent construction is $1,500.00 
for material; $600 for labor, totaling $2,100.00. Curves 
and sidings increase these costs about 20%. The 
loop type of catenary hanger is used, as shown in 
Fig. 3. Flexibility is extremely desirable in a con- 
tact system from which current is taken by roller 
pantograph on account of the inertia of the collector. 
This is very evident on curves. The curve pull-off 
construction is shown in Fig. 4. 

Data on maintenance cost from October 1, 1914, 
to March 31, 1915, make the cost per mile per year 
for (104 miles) for the material, $7.73, labor, $70.38, 
or a total of $78.11. The maintenance crew consisted 
of one foreman, three linemen and four ground men. 
This crew handles in addition to the contact system, 
all repairs to the 13,200 volt transmission line and 
2% miles of 60,000-volt transmission line. The crew 
uses gasoline section motor cars equipped with tow- 
ers for line inspection repair; the average train mile- 
age is 1,460, and the schedule speed 20 miles per hour. 
The average running current per motor is 200 
amperes. The average motor car miles per day was 
3041, the average trail car miles per day, 560, and the 
weight of motor car, 53 tons. 

The current collectors are fitted with roller bearings 
in place of the graphite bushings formerly used. This 
makes the cost of maintenance of the roller collecters 
per thousand motor car miles a trifle over 40c, fig- 
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ured for the period of January 1, 1915, to April 14, 
1915. The collectors are made of 5-in. steel tubing 
with a 7/32-in. wall and operated at a pressure against 
the wire of 30 to 38 Ibs. Defective tubing has kept 
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Fig. 4. Pull-Off Construction for Curves, Showing Details. 
the mileage per collecter down to 9,696 miles. The 
wear on the trolley wire to date has been inap- 
preciable. 


Klectrical Improvements on 
Various IRoads 


The Southern Pacific Company have recently com- 
pleted a large new two-story brick building at the 
West Oakland Yard to be devoted exclusively to train 
lighting work at this point. All modern conven- 
iences for the handling, maintenance and repairs of 
batteries, a swell as axle light and headend equip- 
ment are provided for. The entire yard is being wired 
underground conduit and charging plugs will be 
placed every 90 ft. A rectifier plant is being discon- 
tinued and motor generator sets of ample capacity to 
take care of all battery charging are being installed. 
They are also building a new train lighting shop in 
San Francisco and installing a new yard charging 
equipment for handling storage battery work. 


About six months ago they built a new train light- 
ing shop at the Los Angeles yards and expect very 
soon to have all the train lighting shops at the various 
points well equipped and in good working order in 
spite of the greatly increased amount of work, due to 
the exposition traffic. ! 

The Illinois Central have recently equipped some of 
their private cars with two sets of batteries connect- 
ed in parallel. These are connected to a double pole 
throw, 100 ampere switch and two registor type am- 
pere hour meters are installed, one in each battery 
circuit. The system is arranged so that the generator 
charges one of the batteries only, the other being held 
in reserve. The ampere hour meters serve both as an 
indication as to the amount of charge remaining in the 
battery, and also serve to discontinue charging when 
the meter shows full charge. 

It is found that this arrangement has proven more 
satisfactory than when two batteries were connected 
permanently in multiple and for private cars, where 
car often stands for several days, these batteries can 
be charged individually without interference with the 
lighting arrangement, one of the batteries being used, 
while the other is being charged. It is stated that 
wherever two batteries are installed on a single car in 
the future, the system will be connected to operate 
in this manner. Whenever it becomes necessary to 
charge both batteries at once, the double throw switch 
is open and two charging lines are used to each bat- 
Leta 
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Convention 


Association of Railway Electrical Engineers, 
Atlantic City, N. J.. Jume 12, 1915 


The Semi-Annual Convention of the Association of 
Railway Electrical Engineers, held at the Hotel Dennis, 
Atlantic City, N. J., was called to order by President 
H. C, Meloy on June 14, 1915. 


As new business Mr. Sloan pointed out that in the 
proceedings of the American Institute of Electric Engi- 
neers, there is a notice relative to the classification of 
technical literature to the effect that delegates from about 
twenty national and scientific societies met in New York 
recently to perfect a permanent organization, the purpose 
being to prepare a classification of the literature of the 
applied science which might be generally applied and 
adapted by these other organizations. This body will be 
known under the name of the Joint Committee on Tech- 
nical Literature. It was moved that an attempt be made 
to have Mr. Sloan appointed as a member of this com- 
mittee. 


Committee Reports. 


The first report of the standing committees was that 
of the Committee on Standardization of crane, transfer 
and turntable motors, etc. Their expressed intention is 
to obtain information relative to the crane transfer and 
turntables which are in service on the various railroads 
in the United States. From this information the com- 
mittee will arrive at standard speeds for the different 
capacity cranes, etc., which will assist them in deter- 
mining the requirement of the motors for use there- 
with. 


Mr, E. Wanamaker gave a most interesting outline of 
the work which he has laid out for the committee on the 
Generation of Compressed Air. Mr. Wanamaker was 
appointed chairman of the committee at the last minute, 
but in spite of that a very detailed plan of investigation 
has been laid out. 


The report is to be taken up in two sections; first, a 
description of the various forms of power for driving 
air compressors, the uses and abuses of compressed air 
from shafts, terminals, yards, etc. He pointed out two 
prominent features which govern the selection of power 
for driving air compressors: first, the cost of steam, 
electric or oil engine power delivered to the piston rods 
of the compressor pistons, and second, the cost of the 
distributing mains and laterals. To arrive at this last 
cost, three different and distinct installations will be 
worked out; one, where a motor driven. compressor 
will be advantageous, and second, where an oil en- 
gine compressor should be used, and a third, where a 
steam driven compressor would give best results. 


Mr. J. L. Minick, of the Pennsylvania, suggested that 
there be included in this report a description of some 
satisfactory method of determining the amount of leak- 
age in the air lines. 


Mr. Thos. Foltz, of the Washington Terminal Com- 
pany, pointed out that where air is supplied to several 
companies from a central compressor plant, it is very 
difficult to meter the delivered air accurately. He stated 
that in most cases meters would not check a displacement 
test within 20 per cent. Mr. Wanamaker pointed out, 
however, that the Nordberg people have designed an air 


flow meter which gives most accurate results. The oper- 
ation of this meter is based upon the Venturi tube prin- 
ciple and that the effect of the expansion coefficient on 
the meter due to a variation in the temperature is taken 
care of thermostatically. He also stated that the ineff- 
cient operation of air compressors was very apt to be 
caused by the water jacks filling up with mud, which pre- 
vents the proper cooling of the air. 


Mr. Minick, chairman of the Committee for Rating 
Train -Lighting “Lamps, said that requestsssaad 
been made by the lamp manufacturers that 
train lighting lamps should have a uniform. rat- 
ing, inasmuch as a great many changes and im- 
provements in the sizes and efficiency have been 
brought about. At the present time the actual wattage 
of train lighting lamps varies considerably from the rated 
watts and the manufacturers think it desirable that this 
discrepancy should be removed. The committee sug- 
gested two possible courses of action; first, to bring the 
actual wattage and rated voltage more closely in accord; 
second, to recommend some policy to be observed in fu- 
ture improvements in train lighting lamps; third, to rec- 
ommend some policy for the future rating of train light- 
ing lamps. The committee has recommended to the man- 
ufacturers that the actual watts be held constant and im- 
provements in efficiency be allowed to go into increased 
candle power until an efficiency of approximately one 
watt per mean horizontal candle power is reached, then 
after this point 1s reached the improvement in efficiency 
should be allowed to decrease the wattage of the lamp. 
The committee believed that the introduction of the gas 
filled lamps will shortly make it necessary to abandon 
“mean horizontal” for ‘““means Spherical” candle power as 
the basis for lighting lamps. 


Mr. W. H. Cairns suggests that as the manufacturers 
have discontinued designating lamps by the candle power 
that they should be rated on the watt basis exclusively, 
but Mr, D. J. Cartwright felt that lamps should be rated 
by their lumen output, since the amount of illumination 
that a lamp produces is the factor which engineers are 
most interested in, the lumen being the measure of the 
light flux of a lamp. . Mr. A. L. Broe; of thev@ener 
Electric Company, believed that as lamps have always 
been rated in watts, it would be desirable from a stand- 
point of uniformity to continue this practice at least for 
the present. Mr. J. R. Sloan, as chairman of the Commit- 
tee on Loose Leaf Binders, read the progress report of 
that committee. This committee thinks that a desirable 
loose leaf binder should require a. minimum space for 
binding, should be flat opening, should hold any number 
of sheets securely, and should permit the removal of any 
sheet without disturbing the others. . 


The Committee on Wire Crossing Specifications, of 
which Mr. Sloan is chairman, has attempted to obtain 
representatives on the National Joint Committee on 
Overhead and Underground Line Construction, but this 
request was not granted on the ground that railroads 
were already adequately represented. 


The Committee on Standards was given by its chair- 
man, Mr. D. J. Cartwright. This committee met jointly 
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At the Semi-Annual Convention of the A. R. E. E. at Atlantic City, June 14th.—1. H. G. Thompson and Friend Taking Life Easy 
on the Board Walk; 2. J. A. Andreucetti and J. R. Sloan in Their Hot Weather Togs; 3. D. J. Cartwright, E. W. Jansen in Front of 
Hotel Dennis; 4. Group on Hotel Dennis Lawn; 5. J. E. Kilker, R. L. Kilker and C. E. Miller Beside Their High Pressure Steam 
Boiler; 6. Messrs. Newbold, Meyers, Ballantine and Gassaway, of the Willard Co.; 7. MacGinness and Luckey of the Edison Storage 
Battery Co. on the Board Walk; 8. W. L. Bliss and T. L. Mount; 9. W. E. Fawcett of the Main Belting Co.; 10. Warren Young of the 
Kerite Co., and E. W. Jansen; 11. George Berger and P. H. Simpson of the Gould Co.; 12. H. D. Rohman of the Stone Co.; Geo. R. Berger 
and Secretary Andreucetti; 13. L. S. Biliau of the Baltimore & Ohio; J. L. Woodbridge of the Electric Storage Battery Co.; 14. J. E. 
Gardner, of Burlington, and E. Wannamaker, of C. R. |. & P. Ry., and H. C. Meloy, L. S. & M. S. Ry. and Mr. Wilson, of Central Elec. 
Co. in background; 15. Convention Group Outside of Hotel Dennis. 
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with the M. C. B. Train Lighting Committee. This joint 
committee recommends that fuses be placed as close as 
possible to the generator and that the dimension of bat- 
tery boxes be changed by reducing the distance from 
front to back 3 in., that all new or remodeled generators 
have a pulley 8 in. or 11 in. in diameter and that all 
new or remodeled dynamos with armature shafts 15¢ in. 
or over be provided with a taper pulley fit of 11% in. in 
12, for shafts having a diameter of less than 15¢ in., the 
recommendation is made that the pulley fit be 34 of an 
inch in 12. Ball bearing and roller bearing generators 
should use the 412 size bearing. 

The Committee on Industrial Trucks are standardizing 
speeds, capacities and voltages of industrial trucks. = Fhe 
co-operation of the tire and battery manufacturers has 
been obtained and these are now prepared to furnish 
the size recommended by the A. R. E. E. Similar word is 
expected from the truck manufacturers relative to the 
overall length, weight and height and wheelbase of the 
trucks, the tread and height of platform and the training 
radius. 

The Committee on Car Wiring Specification, of which 
Mr. L. S. Billau is chairman, has prepared model speci- 
fication covering car wiring and other electrical fea- 
tures of passenger cars so that they may be adapted 
either in their entirety or in part by railroads, car 
builders and others. In their tentative form they are 
given below. 


Electric Lighting Specifications 
for Passenger Cars 


General. ; 

These specifications are intended to cover the com- 
plete installation of an electrical wiring system for 
the lighting of passenger cars that will meet the re- 
quirements of the Board of Fire Underwriters Rules. 

It shall be understood and agreed that these speci- 
fications shall be fulfilled in their true. spirit and 
meaning, to the satisfaction of the Electrical Depart- 
ment of the Railroad Company and shall provide for 
a first class and complete system of wiring in every 
respect. It shall be further understood and agreed 
that any apparatus or appliance essential to the safe, 


proper or convenient operation of the system shall . 


be supplied and installed at cost, even though such 
appliance be not called for in these specifications. 


The wiring shall be arranged for use in connection 
with axle-driven volt generator or head end volt gen- 
erator operated in conjunction with a storage battery 
mounted under car body. The wiring system shall 
be complete, including conduit, conduit fittings, out- 
let boxes, switches, cutouts, fuses, sockets, fixtures, 
wires, cables, etc. The wiring shall be in accordance 
to prints approved by the Railroad Company. 

The car builder shall furnish blue prints showing 
conduit plan, wiring diagrams and any other prints 
necessary for the application of electrical equipment. 
The builder shall also furnish print of the details and 
application as he interprets the lighting arrangement 
and submit them to the Railway Company for their 
approval before starting work. A floor plan showing 
the location of lights shall accompany specification 
of each class of car. An under body print showing 
location of equipment boxes and all other apparatus 
placed under car body shall be furnished. The car 
builder must in all cases advise themselves that the 
specifications in their possession are of the latest re- 
vision. The standard rules for car wiring of the 
A. R. E. E. shall govern the installation of conduit 
and wires on all cars. 


Vola No.2) 


Standard Rules for Car Wiring 
Conduit and Fittings 


Section “A.” 

No. 1.—All wiring must be,done in approved gal- 
vanized or sheradized steel conduit of sufficient size 
to allow for the pulling in freely of all wires after 
conduit is in place. 

No. 2—Conduit must be so.arranged that wires can 
be renewed without necessitating the removal of the 
interior finish of the car. 

No. 3—Conduit and fittings to be firmly and sub- 
stantially fastened to the framework of the car. 

No. 4-Fittings must beso installed that the covers 
of all fittings will be accessible. 

No.:5—Ends of conduit. must be cut squarewand 
reamed smooth and must be butted together in 
couplings. 

No. 6—No conduit smaller than 3%” shall be used. 

No. *t—-Where pipe threads are exposed they must 
be leaded and painted. 

No. 8—All conduit for circuit wiring must be run 
inside the car. 

No. 9—Conduit for generator leads shall run direct 
from the generator connector to the regulator locker 
and must not. be less than 114” in size. | 

No. 10—Conduit for battery leads and charging 
plugs shall run to a junction box located near the 
battery box. 

No. 11—Conduit for battery wires shall run from, 
a junction box located near the battery box direct to 
to regulator locker. 

No. 12—A junction box must be placed in the con- 
duit where a reverse or double bend occurs or the 
run too long to,allow the wire to be readily fished 
through the conduit. 

No. 13—Junction boxes and outlet fittings exposed 
to the. weather-shall be of cast iron, to be made of 
one piece and have threaded hubs that shall engage 
at least five threads and have integral bushings. 

No. 14—The conduit must be so constructed so as 
to form one perfect electrical conductor and this shall 
be connected by the ground clamp to the iron frame- 
work of the car. ae 

No. 15—Connection from conduit to ground must 
be exposed to view and readily accessible and must 
be made of a wire of at least No. 6 B. & S. gauge. 

No. 16—Light fixtures and fans must be either 
thoroughly insulated from or else solidly connected to 
the framework of the car and conduit system. 


Section ‘“B”—Generator Lead Connector. 


No. 1—A generator lead connector having no ex- 
posed live parts and so constructed that no tools will 
be necessary to make and break connections, and that 
the polarity cannot be reversed when the plug is in- 
serted; to be used to connect the generator leads to 
the wiring on the car body. 


Section “C”—Charging Receptacle. 


No. 1—A charging receptacle shall be placed on 
each side of the car six inches back from the side 
under the bottom of the car. 


No. 2—Receptacle must be designed so that the 
strain of the plug is taken on the frame of the re- 
ceptacle and not on the contact parts of either plug 
or receptacle. 

No. 3—Contact parts must be self-aligning with 
each other and with the strain on the charging line. 

No. 4—These receptacles shall be housed in swivel 
cast fittings with self-closing doors. 


oe 
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Section ‘“D”—Wires. 


No. 1—AII wires and cables must be insulated with 
Grade “A” insulation according to specifications of 
the A. R. E. E. and must be double braided. 

No. 2—No wires smaller than No. 14 B: & S. gauge 
shall be used. 

No. 3—Main circuit wires shall be at least No. 12 
ew 5. gauge. 

No. 4—All wires of No.8 or larger must be 
stranded. 

No. 5—Generator leads and train wires must be 
extra flexible as prescribed. 

No. 6—Slack wires must be left at all outlets and 
junctions. 

No. 7—No joints or splices will be permitted in con- 
duit between junctions or fittings. 

No. 8—AIll joints in wires and cables must be so 
spliced or joined as to be both mechanically and elec- 
trically secure without solder. 

No. 9—AlIl joints must be soldered. 

No. 10—The soldering flux must be free from acid. 

No. 11—The insulation on wires must be removed 
without marking or cutting the wire. 

No. 12—Care must be taken that no sharp point of 
wire or solder is left to pierce the insulation and cause 
a ground. 

No. 183—The joint must be covered with approved 
splicing tape of sufficient thickness to make the joint 
equal in insulation to the rest of the wire; this shall 
then be covered with approved friction tape. 

No. 14—The generator leads from dynamo to the 
terminal connector on the car body shall consist of 
No. 4 B. & S. gauge extra flexible stranded (133 
strands) conductor covered with Grade “A” insulation 
and one linen braid saturated with weather-proof com- 
pound. 


No. 15—All generator leads to be enclosed in a can- 
vas hose or equivalent protection. 

No. 16—The train connector cable to be of No. 2 
B. & S. gauge extra flexible (133 strands) insulated 
with Grade “A” insulation and covered with a weather- 
proof braid or No. 2/0 B. & S. gauge flexible stranded 
(836 strands) covered with Grade “A” insulation and 
weather-proof braid. 

No. 17—Battery conductor cable ‘must be No. 4 B. 
& S. gauge stranded (133 strands) insulated with 
Grade “A” insulation but with no other covering. 

No. 18—Battery leads to be supported from top of 
battery box by a series of insulated hooks. 


Section “E”—Fuses and Cut-outs. 

No. 1—Each circuit of the car wiring must be pro- 
vided with an automatic fuse cut-out in each wire 
placed on the switchboard and the fuses in the same so 
proportioned that they will blow and disconnect the 
circuit before the wires become overheated. 

No. 2—The fuses protecting the generator shall be 
located on the regulator panel. 

No. 3—The fuses protecting the batteries must be 
located in a substantial cast iron weather-proof fuse- 
box with hinged cover and_ substantial. wing-hut 
catch just outside of the battery box. 

No. 4—No taps for regulator wiring shall be con- 
nected on the lamp circuit outside of the fuse cut-outs. 

No. 5—The table of “Allowable carrying capacities 
of wires” issued by the National Board of Fire Under- 
writers shall guide installation of all cut-outs. 


Section “F”—Switchboard. 


No. 1—The switchboard must be made of one piece 
of oiled Monson slate. 
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No. 2—It must be so constructed that fuse cut-outs 
and circuit switches can be removed or replaced with- 
out taking down the switchboard. 


No. 3—The main circuit switch must be placed on 
the switchboard and must be proportioned to the con- 
nected lead, but must be built for a minimum of 100 
amperes capacity. This rule applies to train line 
switch also. 

No. 4—They must be equipped with stamped open 
link fuses fastened with wing-nuts. 

No. 5—The main circuit switch must control both 
sides of the circuit, and must separate the car wiring 
and the lamp voltage regulator from the battery and 
generating system when opened. 


No. 6—AIl connections on switchboard must be 
made with the positive to the right facing switchboard. 
When vertical mounting makes this impossible the top 
connection shall be positive. 


Section “G”—Regulator Locker. 

No. 1—The regulator locker must be metal lined or 
constructed of steel not less than 12” in depth and 20” 
in width. 


No. 2—Where the generator and lamp regulator are 
mounted in the locker, the height to the top of the door 
opening must not be less than 40” and where the 
switchboard is placed in the same locker the height 
shall be governed by the number of circuits on the 
board, but must not be less than 56”. 

No. 8—The regulator shall be mounted on Z irons 
which must be securely fastened to the back of the 
locker by bolts where the construction permits and 
where screws are used they must be spaced not more 
than 4” apart. 

No. 4—The switchboard and regulator panels must 
be secured with 3%” hex-head bolts which must be 
slotted for screwdriver. The Z iron shall be tapped 
to take the standard 3%” bolt. 

No. 5—The locker shall be ventilated with not less 
than 4” pipe carried through the roof of the car and 
equipped with a roof jack. A 2” nipple shall extend 
through the car floor with a bushing at both ends. A 
piece of copper screen shall be fitted between the ends 
of the pipe and the bushings. 

No. 6—Where the locker is built below the door 
level the bottom of the locker must be closed so that 
material or rubbish cannot accumulate in it. 

No. 7— Where door extends to the floor a false bot- 
tom shall be placed in bottom of the locker at the 
angle of 45 degrees so that rubbish cannot be swept 
into the locker. Under no circumstances will the 
mounting of the regulator below the level of the door 
opening be permitted. 


Section “H”—Fixtures. 

No. 1—The fixtures must be designed so as to be 
easily wired, all corners to be rounded off to prevent 
abrasion or cutting of the wires when they are pulled 
in. 

No. 2—A high grade heat resisting insulation must 
be used on all fixtures wire and in the composition of 
the sockets. 

No. 3—In the construction of sockets nothing less 
than a standard 3%” socket base with standard pipe 
threads and center spring contact must be used. 

No. 4—The use of fine thread small machine screws 
in the make up of fixtures will not be permitted. 

No. 5—A\ll fixtures of any certain design must have 
a standard base with holes bored to a template so that 
when the fixture is removed another of the same de- 
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sign can be put in its place without necessitating the 
boring of new holes. 

The members of the association are requested to 
look over the specifications and send. in written cor- 
rections and suggestions so that they may be incor- 
porated in the final report for October. 

The progress reports of other standing committees 
indicated that they were working along similar lines 
to last year. The Committee on Shop Practice in- 
tends to consider the following subjects, first, Elec- 
tricity vs. compressed air for portable tools; second, 
Electric furnaces for hardening tools; third, Crane 
magnet and magnetic chucks. 

Mr. Wray’s Committee on Data and Information 
will collect data showing the trend of use of various 
types of lighting and power equipments. The recom- 
mendation was made that a special committee be ap- 
pointed to co-operate with this committee to obtain 
data on transformers in ‘railroad Servicemeni1 |). H. 
Bryan of the Westinghouse Mfg. Company thought 
that as manufacturers of transformers have gotten out 
a good line of standard ratings, both as to capacity 
and ratios, that there would be no need for such a 
committee being appointed. This recommendation 
was referred to the executive committee for consid- 
eration. 

At Mr. Cartwright’s suggestion a committee will be 
appointed to draw up specifications for car lighting 
generators. Specifications will be so drawn up that 
when a two or three k.w. machine is ordered of a 
manufacturer it will be understood that the rating is 
made under certain definite conditions. 

This concluded the business of the convention and 
adjournment was taken until the fall meeting, which 
will be held in Chicago, October 18th to 24th, 1915. 


kexihibits 
Consolidated Ry. Light & Equipment Co., of New 


York, exhibited an operating axle car lighting system 
with a type L-3 generator regulator and a type “F” lamp 
regulator. The generator was of the type B-5, having 4 
k.w. capacity and was mounted with S.K.F. ball bear- 
ings. The operation of the ampere hour meter with this 
equipment has already received attention in the RAILWAY 
ELECTRICAL ENGINEER. In this equipment the voltage 
coil acts as a check on the operation of the meter. The 
company was represented at the Convention by Messrs. 
J. L. Watson, T. L. Mount, and P. Kennedy. 

Edison Storage Battery Co., of Orange, N. J., exhib- 
ited in their booth, nickel iron storage batteries for use 
in freight and baggage trucks, car lighting, signal and 
telegraph service. A large panel in the rear of the booth 
was of much interest. In the center of this panel was an 
illuminated photograph of the plant, this was bordered 
by illuminated photographs showing the different proc- 
esses used in the manufacture of these batteries. 
Grouped around the outside of the panel were parts of 
dissembled battery, and batteries shown complete with 
the case cut away, which showed the constructional de- 
tails of the batteries very well. 


Some of the newer batteries which were exhibited 
were small miner’s batteries about 2 in. by 8 in. ‘in. size. 
These have recently been approved by the Bureau of 
Mines. A positive and a negative plate of a large sub- 
marine battery of the type now being manufactured for 
the government were exhibited; each plate has a capacity 
of about 400 amperes. The company was represented by 
Messrs. H. G. Thompson, W. F. Bauer, F. V. McGin- 
ness, Otto Hildebrant, C. A. Luckey, 


Electric Controller & Mfg. Co. This company had on 


Volt NOs 


exhibit several of their push button dynamic braking 
controllers for d.c. motors. They also exhibited their 
Youngstown safety limit stop for direct current motors. 
This prevents cranes and other kinds of lifting apparatus 
from overtraveling and in this way prevents many costly 
wrecks. Messrs. E. C. Ryan, W. C. Jackson and R. G. 
Widows were the company representatives at the conven- 
tion. 

Electric Storage Battery Co., of Philadelphia, had on 
exhibit a complete operating equipment. One of their 
new 50 ampere car lighting generators was mounted on a 
dummy truck and was driven by a motor. The new E. S. 
B. control panel combines the auxiliary switch and main 
switch into one unit. They featured a complete set of 


pamphlets, which described all the various products which 
are made by them. 

Their exhibit of storage batteries was very complete. 
Various types of automobile starting and lighting bat- 
teries were shown. 


Batteries for use in trucking and 


The Edison Storage Battery Co. Booth, Showing the Self Illumi- 
nated Panel Board in the Background. 


house lighting, besides their standard car lighting bat- 
teries were exhibited. They also exhibited their equip- 
ment for an isolated electric plant, consisting of a gas 
engine or other source of power, coupled to a generator 
and regulating outfit and storage batteries. This is called 
the Hyray Exide outfit. The company representatives at 
the convention were Messrs. E. L. Reynolds, J. L. Wood- 
bridge, F. G. Beetem, H. E. Hunt. 


General Electric Company, of Schenectady, had a very 
comprehensive exhibit of their products which are of 
interest to railroad men. A large electric hardening and 
annealing furnace with a heating chamber 8 in. high and 
floor dimensions of 16 x 18 in., consuming 40 k. w. was’ 
shown. This is air tight, so little corrosion results from 
oxidization of the metal being heated. 


Their standard 300 ampere portable arc welding equip- 
ment consisting of motor generator set and its accessories 
was one of their operating exhibits. Indicating, record- 
ing and integrating flow meters were shown for use with 
steam, water, air or oil. The constant “Safety First” 
starter, a contactor control reversing apparatus, adjust- 
able speed control equipment, wheel lathe control and 
a line of push button stations were exhibited. They also 
exhibited their R-178 controller and their new type RC 
direct current motor. 

The company was represented at the convention by 
Messrs. B. ¥.. Bilsland, W, J. Clark, KE. BY Hartmienes 
B. Rushmore, C, D. Knight, C. Fair, J. Eaton; J. W. 


~ 


July, 1915. 


Ham, W. L. Merrill, P. A. Dyer, F. M. Kimball, W. O. 
Kellogg, C. A. Boers, Mr. Raymond and Mr. Williams. 


Gould Coupler Co. and Gould Storage Battery Co. 
occupied the same booth which they have had for several 
years. The Gould “Simplex System” for the electric car 
lighting, which was on exhibit, consisted of a standard 


Booth of the Electric Storage Battery Co. 
Convention. 


at the Atlantic City 


Gould regulation panel, Gould batteries, a motor gen- 
erator set operating at a speed which would correspond 
to a range from zero to 85 miles an hour in train speed. 


The Gould high bridge no-wash car lighting batteries 
were on exhibition for the first time. The Coupler Co. 
also exhibited their malleable iron journals, friction draft 
gears, passenger and freight car couplers and other me- 
chanical devices. Messrs. George G. Milne, F. P. Hunt- 
ley, W. F. Richards, Dr. C. W. Gould, Clarence F. Rood, 
G. R. Gerger, M. R. Shedd, W. F. Bouche and P. H. 
Simpson represented the company. 


H.W. Johns-Manville Co., of New York City, exhibit- 
ed their molded insulators, fuses, line materials, their 
asbestos materials, such as pipe coverings and car in- 
sulators. Of especial interest to car lighting men was 
their acid proof flooring for use in battery houses. Their 
new mechanical slack take-up caused considerable com- 
ment. 


Those who represented the company were Messrs. J. E. 
Meek, F. J. Horn, H. G. Newman, George Christenson, 
and J. C. Jacobs. 


Kerite Insulated Wire & Cable Co., of New York City, 
were at home in their reception booth, and were repre- 
sented by Messrs. Major Azel Ames, P. W. Miller and 
J. A. Renton. 


Okonite Company of New York conducted a reception 
booth at the convention. The company representatives 
were Messrs. W. T. Kyle and Francis J. White. 


Pyle National Headlight Co., of Chicago, exhibited 
their type “E” arc headlight equipment and type “K”’ in- 
candescent equipment. A flash boiler, furnishing steam 
at pressures varying from 50 to 800 pounds per square 
inch, ran the turbo generator. It was stated that this 
resulted in a speed variation of only 2%. 
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A full size operating model of their new Young valve 
and their Young reversing gear attracted much attention. 
Van Dorn one piece and three piece steel car ends were 
also shown. 


The company representatives were J. Will Johnson, 
R. C. Vilas, William Miller, J. E. Kilker, O. W. Young, 
C. E. Miller and R. L. Kilker. 


Railway Utilities Company, of Chicago, exhibited their 
different types of exhaust ventilators. These have a 
maximum exhausting capacity and prevent reversed 
drafts from carrying snow, rain and dust back into the 
car. 


The company was represented by Messrs. G. E. Pratt, 
W. J. Pine, James Denton, and G. Magersteadt. 


Safety Car Heating & Light Co., of New York, had 
their usual complete exhibit of car lighting fixtures for 
passenger, baggage and postal cars. The unit which 
combines a ceiling fan and a lighting fixture was also 
shown. 


The most interesting feature of this exhibit was an 
operating model of the new underframe car lighting 


The Exhibit Booth of General 


Electric Co. 


generator. This was a 3 k. w. generator mounted as it 
would be under the frame of the car and driven from a 
dummy axle at speeds corresponding to train velocities 
of from zero to 85 miles an hour. ‘the effect of curves 
on the tension of the belt was well demonstrated by 
swinging the generator from zero to 27% deg. on either 
side of the line passing through the center of the axle 
pulley face. The equipment was maintained under any 
desired load to show the small eftect of curves on the 
machine operation. This equipment was described in the 
April issue of the RatLwAy ELECTRICAL ENGINEER. 

Mecers. kK. M»* DixsonmAs Ge Bloore,) J: S. Henry, R: 
Cypha Gor, Hulsce Wels) pomson”. W leo Garland; 
G. H. Chadwell, C. W. Walton and W. H. Reader were 
the company representatives at the convention. 


U.S. Light & Heating Co., of New York, exhibited 
their type “C” regulating panel with auxiliary switch- 
board and meters which indicated voltages at the various 
points throughout the system. A generator, with part of 
the field casing sawed away, showed the special ball 
bearing mounting. Their regular pasted car lighting 
battery plates were shown and an operating panel with a 
Sangamo ampere hour meter for battery control was 
also exhibited. 


The last development of the company which was shown 
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was their stationary belt guard for use with flangeless 
pulleys. This resembles a pully with a stationary flange. 
This retains the advantages of a flanged pulley but with 
it the belt has no tendency to climb as it does with a 
revolving flange. 


Their battery exhibit consisted of a 


A Commodious Reception Booth of the Westinghouse Companies. 


VolAt, Now: 


full line of stationary, signal, car lighting, truck and 
sparking batteries, A panel board with parts mounted on 
it showed the assembly and method of manufacture of 
U. S. L.-battery. The company was represented) by 
Messrs, B. F.: Bisland, W. J. Clark, F. B. Hartman, D. 
Bradford, H. A. Matthews, and J. A. White. 


Westinghouse Electric & Mfg. Co. As has been the 
custom of this company for a number of years, no ap- 
paratus was exhibited. A well lighted comfortable re- 
ception room was the company’s exhibit. The mural 
decorations were photographs of the latest Westinghouse 
developments. 


The representatives of the company who were pres- 
ent at the convention were W. H. Patterson, H. C. 
Mode, L. W. Popp, R. F. Moon, J. L. Hays, J. C. Mc- 
Quiston, H. W. Beaumot, Q. W. Hershey, M. B. Lam- ° 
bert and W. R. Steinmetz. 


Willard Storage Battery Co., of Cleveland, exhibited 
their Willard “no-wash” batteries. A partially dissem- 
bled battery with the various parts showed the construc- 
tion and assembly of the battery. This was described 
in the October 1914 issue of the RAtLway ELECTRICAL 
ENGINEER, a 

Representatives of the company were Messrs. W. E. 
Ballantine, F. S. Gassoway, R. M. Newbold, L. Sears, 
and E. L. Meyers. 


Pasted Plates in Car Lighting 
Service 


When one considers the thousands of motor trucks 
which are equipped with lead batteries with pasted 
type plates and which are operating successfully in this 
service, giving reasonably long life, the natural ques- 
tion is, “Why isn’t the pasted type plate used by rail- 
roads for electric car lighting service?” 

Men who have been connected with car lighting work 
for some time know that in the early days pasted type 
plates were used more or less extensively. These plates, 
however, did not seem to be able to stand up in this 
service and usually went to pieces after a life of but 
one or two years. 

There is probably no question that one of the chief 
reasons which contributed to the failure of pasted type 
plates in car lighting service was the severe conditions 
of overcharging which usually maintained in axle 
generator service up to three years ago, and as ex- 
perienced car lighting men well know, this overcharg- 
ing was often carried to such an extent that the battery 
became actually hot. A pasted plate cannot stand high 
temperatures nearly so well as plante type plates and 
it is largely for this one reason that the plante plates 
have been found to give longer life in the service than 
_ pasted type plates. 

he successful operation of a vast number of pasted 
plate batteries in automobile service conclusively proves 
that the failure of the pasted type of plate in car light- 
ing service was not due to the conditions of vibration 
and mechanical abuse but rather to the electrical con- 
ditions experienced in this service, for undoubtedly a 
battery mounted on a motor truck receives far more 
severe vibration than one mounted on a coach or 
Pullman. 

It is interesting to note the results which have been 
obtained by one manufacturer in an attempt to make 


the pasted plate meet the conditions of train lighting 
service as they existed five years ago. 

This battery was made up with plante type negative 
plates and with duplex or twin plate positives, each 
plate of the positive group being a double plate made 
by spot burning two thin pasted plates together, as 
shown in Fig. 1. Each pair of plates are separated by 
about % in. and the edges burned together at four 
points, this being sufficient to hold the plates in proper 
position and still allow free access and egress for the 
acid entering or leaving the plate. As shown by the 
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Fig. 1. View of Test Tray from Which the Duplex Plate Ele- 
ments Have Been Removed, as Shown. Note That There Is a Very 
Slight Amount of Buckling and That One or Two of the Grids 
Are Cracked. Note That This Battery Was Placed in Service in- 
March, 1911. 


July, 1915. 


view of the test tray, Fig. 1, this test battery was placed 
in service in March, 1911. It was operated in con- 
nection with a U.S. L. type “C” axle equipment on a 
buffet car for 2%4 years and was then transferred to a 


parlor car, where it was operated for 2 years more in 


connection with the same type of axle generator equip- 
ment. Therefore it may be said that this battery. has 
received a fairly representative test. It has not been 
cleaned during the entire period of its operation; in 
fact, no attention was given it other than flushing. 
The original capacity test showed a capacity of 530 
ampere hours and the present capacity test, made July 
6, 1915, showed a capacity of 354 ampere hours. The 
cadmium test readings showed both positive and neg- 
ative to be in healthy condition. 


Fig. 2. 
Turned Around. 
Also That Positive Grid Is Broken at the Lower Left Hand Corner. 
Positive Material Seems To Be in Almost Perfect Condition, Con- 
sidering the 4/4, Years’ Service. 


Elements With Outside Negative Plate Sawed Off and 
Note the Lines of the Separator on the Negative, 


The condition of the plates of this battery are farily 
well shown in the accompanying illustrations, Figs. 2 
and 3. In Fig. 2 the outside negative plate has been 
sawed off, so as to expose the surface of the adjacent 
positive plate, and the negative turned around so as 
to show its inside surface. It will be noted that both 
the positive and negative plates seem to be in a fairly 
good condition except that the grid of the positive 
seems to have failed, particularly at the edges where the 
cross ribs join the vertical rib at the edge. 


In Fig. 3 one of the positive plates (not the first plate ° 


of Fig. 2, however), has been removed, sawed apart 
and opened, so as to show the interior surface of the 
positive plate. It will be noted that aside from numer- 
ous cracks in the active material, the plate seems to be 
in perfect condition and it should be stated in passing 
that the inside surface of this positive showed no sul- 
phation whatsoever. The peculiar marks at the right 
and left hand edges were caused by the hack saw cutting 
the plates apart. It will be noted that there is a slight 
growth of material deposited on both plates, and this 
seems to have taken place almost altogether near the 
bottom. In these plates the grid was not broken at 
any point, although several other plates of the group 
were broken at the bottom corners and edges, as shown 
in Fig. 2. This is undoubtedly due to the fact that 
the grid of the plates in Fig. 3 is slightly heavier than 
that of Fig. 2. It will also be noted that the pockets 
are slightly larger. 
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The fact that the inside surfaces of the positive plates 
showed no signs of sulphation is a direct proof of the 
fact that the active material on these inside surfaces. 
took part in the battery operation and was frequently 
charged and discharged, and this fact undoubtedly justi- 
fies making the plate as a double plate instead of one 


Filginos 
So as To Show the Inner Surfaces of the Plate. 


A Duplex Positive Plate Split in Two and Spread Apart 
Note That the 
Active Material Seems To Be in Perfect Condition Except for 
Minor Cracks, Which Run for the Most Part Vertically Through 
the Buttons of Active Matérial. Mark at Right Hand Edge Is 
Caused by Saw Used in Cutting Plates Apart. 


solid thick plate, in which case it would be much more 
difficult for the acid to reach the active material deep 
down in the plate and sulphation at this point might 
occur. 

The active material on the inner faces of these plates 
may be likened to the reservoir of a pumping station 
and on discharge, although the current at first would 
be largely supplied by the active material on the outer 
surfaces of the plate, the interior surfaces would soon 
begin to furnish current, and even after the circuit had 
been opened, there would be an equalizing current 


which would continue to flow from the inner surface - 


to the outer surface of the plates, thereby slightly re- 
charging the active material of the outer surfaces. 
This acts very much the same as when an undercharged 
battery and an overcharged battery are connected to- 
gether in multiples, resulting in an equalizing current 
flowing between them until both batteries come to the 
same terminal voltage. 

As the lamp current on the car in which this battery 
was used never was in excess of 35 amperes, but often 
operated for long periods at this full load value, the 
battery was never severely overworked in so far as 
discharged rate was concerned; in fact, this was well 
below normal rate. On charge, however, the battery 
undoubtedly ‘received long overcharging’ at certain 
times, as has been so generally experienced in connec- 
tion with axle equipments operated on the principle of 
voltage cutoff. 

In the more modern types of axle lighting equip- 
ments, however, which employ the taper charge prin- 
ciple or the ampere hour meter control of battery charge, 
this severe overcharging which so seriously affected 
the pasted plate battery in the earlier days, is now 
greatly reduced, if not entirely eliminated; accordingly, 
it is to be expected that the pasted type plate will come 
into more general use for car lighting on account of 
its lighter weight and cheapness of construction. 
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Pennsylvania Suburban 
Electrification 


The Pennsylvania Railroad will soon put into com- 
mercial operation the electrified portion of the main 
line from the Broad St. station in Philadelphia to 
Paoli. This electrification has been made at a cost of 
$4,000,000, a sum which would buy the right of way 
and build 400 miles of ordinary track—and is the most 
modern and efficient 20 miles of electrified railroad in 
the world. Almost the heaviest traffic in America 
passes over this stretch of railroad. Limited trains 
that link the east and west, as well as the heaviest of 
slow moving freights and scores of hurrying locals, 
pass over this branch. When it is realized that this 
had to be electrified without interrupting traffic, some 
idea of the difficulty of the task can be obtained. Be- 
tween the Broad St. station and West Philadelphia 
the traffic is especially concentrated. On this six 
track portion there are 55 switches and 52 signals and 
no less than 2,295 separate movements of trains and 
engines occur daily. 

In order that there may be no hitch in operation, 
due to the change from steam to electricity, the crews 
have been going through a course of training for some 
time. Motormen and crews have been receiving daily 
drills in the operation of the new electric trains. 
Six hundred men in all have been undergoing care- 


ful instruction. For this purpose two instruction cars 
have been fitted up, one at Broad St. station and the 
other at the West Philadelphia shops. Every man 
assigned to the electric train service or to the reserve 
is required to pass an examination on the operation 
of the new trains. 

A technical description of this electrification will 
be given in a subsequent issue of the Railway Electrical 
Engineer so no attempt will be made at this time to 
describe the apparatus and equipment except in a 
general way. 


Some Notable Achievements. 


Certain of the problems encountered in planning 
the work of electrification had to do with signals. 
The result was that an entirely new automatic block 
signal system differing from any type previously used 
in railroad work was invented. A new form of elec- 
tric motor was devised which differs in important 
features from all others heretofore used and is ex- 
pected to prove the most efficient railroad car motor 
yet constructed. The work of electrifying this 20 
miles of railroad involves the stringing and re- 
stringing of 660 miles of electric wires, the erection 
of 760 poles, 36 signal bridges, and 4 power sub- 


Fig. 1. 


Electric Construction Gang at Work. 
Large Gangs of Men Were Employed So as To Block the Track for as Short a Period as Possible. 


Strong Scaffolding Erected on Flat Cars Brings the Men Up To the Level of the Wires. 


July, 1915. 


Fig. 2. Suburban Train at Rosemont. 
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This Is the Type of Train That Will Operate Between Broad Street Station, Philadelphia, and 


Paoli. 


stations. This was accomplished without the loss of 
a single life or the occurrence of any serious accident 
from electric shock, which is a record without a 
parallel in a job of these proportions. 


What the New Electrification Will Accomplish. 


The direct money saving to the company will prob- 
ably be small, perhaps no more than enough to pay 
the interest on the cost of the work. It will result, 
however, in increased efficiency and will add mate- 
rially to the traffic handling capacity of Broad St. 
station, resulting in a mutual benefit to the public 
and company. 


Broad St. station is what is known as a “stub” 
terminal. A steam train after arriving cannot leave 
the station until a fresh engine, headed in the proper 
direction, backs in from the yard to what was pre- 
viously the rear of the train. Any change in the 
train necessitates hauling it to the yard and there 
breaking it up and reforming it. With electric trains, 


Fig. 3. Men Lining Up the Trolley and Hangers. 


This Was a 
Familiar Sight During the Progress of the Work. 


most of this lost motion will be taken up as, trains can 
move in either direction. All that is needed to reverse 
an electric train is for the motorman to walk from 
one end to the other and start back on the return 
trip. This increases facility in train handling, will 
reduce train movements by about 15%, and it will 
cut down the time during which the suburban trains 


Note the Large 


A Close Range View of a Pantograph. 
Insulators on Which the Pantograph Rests. 


Fig. 4. 
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Fig. 5. The New “Position Light’? Automatic Block Signal. 
(Block Ahead :Occupied): Each’ Signal 


The First Signal Is Set, 
Protects a Block 3,500. Feet in Length and Notice of a Possible Stop Is Given at Least 
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“Proceed With Caution,’’ and the Second, ‘“‘Stop’’ 


7,000 Feet in Advance. 


occupy the terminal tracks in the station proper. This 
will be another important aid to the prompt handling 
of passenger traffic at Philadelphia. 

As is already well known, the secret of increased 
speed with an electric train is due to its ability to 
accelerate and stop in less time. Between Broad 
Street Station and Paoli there are 19 stops in a dis- 
tance of 20 miles. To maintain this schedule it is 
necessary to use very heavy and powerful locomo- 
tives with small trains of 3 to 8 cars. A local train 
running with steam power between these two sta- 
tions is practically starting or stopping throughout 


Fig. 6. Electrification. This Shows’ the 


Philadelphia-Paoli 
Catenary Construction for Curved Track With Its Graceful, 
Sweeping Lines. 


the entire run. With the type of electric trains which 
will be used on this section, each car has its own 
motor and a long train can accelerate as quickly as a 
single car. 


The New Signal System. 


The new automatic block signal system which has 
just been installed is, as has been stated, a distinct 
departure from any other type of signals heretofore 
used on American or foreign railroads. All moving 
parts have been eliminated from the signals them- 


selves and there is no delicate machinery mounted . 


on the signal bridges to get out of order or require 
attention. 


A most valuable feature of the new system is that 
the same signals will be used day and night and the 
motorman and engineman will be guided by the same 
code every hour in the 24. The principle of the new 
signals is the use for both day and night of rows of 
brilliant white electric lights shown in sharp relief 
against a black background. These replace the moy- 
ing arms of the semaphores used by day and the 


‘colored lights used by night in the ordinary forms of 


signal systems. 


Lights Duplicate Semaphore Positions. 


The lights of the new signals are so arranged that 
by lighting the proper row in position of the sema- 
phore arms, horizontal, diagonal or vertical, can be 
duplicated. Each signal is equipped with a sufficient 
number of lights to be the equivalent of two sema- 
phore arms. To make the lights clearly visible even 
against the brightest sunlight, the current used in the 
day time is nearly four times as powerful as that used 
at night. It is possible to see these lights even in 
the brightest sunshine for more than 4,000 ft. With 
night conditions they are so bright that it is possible 


tp read large type by their light at a distance of 
1,000 ft. 


Each signal protects a block of track about 3,500 
hee ts length. A train passing a signal automatically 
sets it at “Stop.” This is a warning that there is a 
train somewhere in the block behind the signal. 
When the first train passes out of the block the sig- 
nal at the entrance of the block automatically changes 
to “Caution.” The caution signal always means one 
block ahead is clear, but the next one occupied, The 
third position of the signal lights shows when two 
full blocks ahead are clear and a fourth position, when 
three or more blocks are unoccupied. Under this 
arrangement a motorman always receives notice of a 
possible stop at least 7,000 ft. in advance, and always 
receives at least two cautionary signals before ap- 
proaching a stop or danger signal. 

The new signals are mounted on structural steel 
bridges which span the track and serve the addi- 
tional purpose of anchoring the trollev wires. 
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Electric Locomotive Performance 
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the Pennsylvania JRailroad 


Some very interesting figures have just been given 
out covering the performance of the electric locomo- 
tives used by the Pennsylvania Railroad on the Man- 
hattan Division, operating passenger trains through 
tunnels entering New York City under Hudson River. 
This project has been noted at various times in the 
RAILWAY ELECTRICAL ENGINEER. 

These locomotives have been in use for nearly four 
and one-half years and the data given below represents 
their performance during the period in a very strik- 
ing manner. 


motives is done in one of the regular steam locomotive 
repair shops. 

On November 28, 1914, these 33 locomotives had 
completed four years’ service, and during that period 
the mileage made and detention record is as follows: 


IEOCOMOtIVe stile Suet eee tee ere eye ce ere SES 3,974,746 
otal. Krigimes Matltires eat teers cccws ete teres Ld, 45 


Total minutes detention to trains 271 
Locomotive-miles per detention 88,328 
Locomotive-miles per minute detention 14,667 


During this period, 463,588 train movements were 


Typical Train with Electric Locomotive Running Into New York Under Hudson River. 


They were designed to start and accelerate a 550- 
ton train, in addition to the locomotive, on a 1.93 per 
«ent grade in tunnels, but in actual operation, 850-ton 
trains are frequently started on this grade and trains 
-of 14 all-steel cars, weighing over 1,000 tons, are 
handled without difficulty. 


Each locomotive in service passes over an inspec- 
tion pit every 24 hours, when a running inspection of 
machinery is made, similar to that given steam loco- 
motives over the pit, and slight repairs made where 
necessary. The average time required for this in- 
spection is approximately ten minutes. 


After 3,000 miles run, the locomotives are taken 
into the shop for a general or periodic inspection, 
when all electrical apparatus is thoroughly gone over, 
tested, cleaned and necessary adjustments and re- 
newals made to all electrical and mechanical parts. 

The shopping of these locomotives for general re- 
pairs is governed by tire wear, and a number of loco- 
motives have run from 90,000 to 112,000 miles before 
it was necessary to turn the tires or do any general 
‘repair work. 


The general overhauling and repairing of these loco- 


made, or an average of 1,300 movements per: deten- 
tion, due to engine failures. 

At Manhattan Transfer, where the change is made 
from steam to electric locomotive, on trains to and 
from the Pennsylvania station, the time allowed per 
schedule for making change, including necessary test- 
ing of air brakes, is four minutes ; although the entire 
operation can be performed in three minutes, and has 
been done in two minutes. 


These locomotives are articulated machines, each 
consisting of two semi-units permanently coupled to- 
gether, each semi-unit having a four-wheel bogie-truck 
and two pairs of driving wheels connected ‘by side- 
rods, the semi-units being permanently coupled to- 
gether at the driving wheel end. The locomotive 
frame, driving wheels, trucks and running gear are 
similar in general character to the standard American 
type steam locomotive and the relation of the vari- 
ous working parts on the two semi-units is similar in 


location to two steam locomotives coupled back to 
back. 


Each semi-unit is equipped with a 2,000-horsepower 
motor connected to the driving wheels through a sys- 
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tem of parallel rods and cranks with an intermediate 
shaft, and is fitted with unit switches, master con- 
troller, Westinghouse automatic and straight air brake 
. apparatus, electric headlight, pneumatically operated 
whistle, sand apparatus and other items of lesser im- 
portance. The locomotive equipment is so arranged 
that in the event of one motor being cut out of serv- 
ice, the entire locomotive can be operated from the 
other cab with the remaining motor. The unit switch 
control permits two or more locomotives to be coupled 
and all to be operated from either end of any one cab. 
The semi-units are interchangeable, and if any two 
semi-units are separated, they can be combined with 
any two other semi-units, as may be required in mak- 
ing repairs, or for other reasons. The controllers are 
fitted with four running notches, giving great flexibil- 
ity of speed regulation, and permitting the most eco- 
nomical use of power during acceleration. 

Each motor has a continuous rating of 1,000 and a 
maximum rating of 2,000 horsepower, or a total of 4,000 
horsepower per locomotive. The motors are of the 
direct-current, field-controlled commutating-pole series 
type. The weight of each motor complete, including 
cranks, is 43,000 pounds. The motors are supplied 
with direct current at 650 volts from the third rail, 
through contact shoes, located on either side of each 
truck. The motors, control and the complete electric 
equipment was furnished by the Westinghouse Elec- 
tric and Manufacturing Company, while the locomo- 
tives were built by the Pennsylvania Railroad in its 
own shops at Altoona. 


The rated tractive power of each locomotive is 
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66,000 pounds, but in actual service 79,200 pounds has 
been registered. 


Pennsylvania Locomotive, Showing Running Gear. 


Weight and Dimensions. 


Weight of docomotivescomplete. === 156.5 tons 
Weight per driving yaxles a. ee 49,750 Ibs. 
Total weight. Ona tsicyc sie eee eee 199,000 lbs. 
Weight someachy tte kee eee meee a en eee 57,000 lbs. 
Total _lengthiov eral less eee re eee eee 64 ites ee in 
Rigid wheel base of each semi-nit..... TE angus) 2)" aba 
Total wheel base of each semi-unit_.. Pa ties ik shal 
Total wheel base of each locomotive.......... Pee SEES: Bimpage, ile a 
Total heightvor locomotives 14 ft. 8% in. 
Total height (of cabme.- =  e 13 fe) bean. 
Total. widthvotecalb ee ee ee eee 10 ft. 8% in 
Diameter Of driverss..2 0. 72 in. 


Diameter of truck wheels 2.0 222.2 ieee 36 in. 


Electrification of Terminal Line at 


Great Falls, 
waulkee 


As an undertaking related to the forthcoming elec- 
trification of its main line between Three Forks and 
Deer Lodge, Mont., the Chicago; Milwaukee & St. 
Paul Ry. has recently installed electric motive power 
on its terminal line in the city of Great Falls, Mont. 
This city is at present the terminal of the new 138- 
mile branch line from Lewistown, Mont., connecting 
with the main line transcontinental division at Har- 
lowton. The latter city is the eastern terminus of the 
3,000-volt electrification now under construction. The 
Great Falls and the terminal yards are connected by 
a crosstown line, about 4 miles in length, known as 
the Valeria Way line. There are about 3 miles of addi- 
tional electrified trackage, making a total of 7 miles. 
The terminai buildings include a large freight house, 
roundhouse, power plant and passenger station. 


The tracks connecting the Falls yards and the ter- 
minal yard pass through the business part of the city; 
and it is expected that considerable benefit will be 
derived from the elimination of steam locomotive 
smoke from the center of the city, as well as a reduc- 
tion in the cost of train haulage. The traffic includes 
the transfer of both freight and passenger trains from 
the Falls yards to the terminal station, as well as 
swtiching service in the terminals. 

The electrical equipment is of sufficient capacity to 
take care of 580-ton freight trains operating at about 


Aomt., Chicago, 
© St. Paul Ry. 


yY 9 
ill 


9'4 miles per hour on the maximum grades of 0.65 per 
cent. Electric power is supplied by the Great Falls 
Power Co. from the hydroelectric plant at Rainbow 
Falls, about 6 miles from the substation. Energy is 
transmitted at 6,600 volts, 3-phase, 60 cycles, as gen- 
erated at the power station. 


Substation. 


The substation equipment is located in the power 
station operated by the railway for heating the ter- 
minal buildings. It includes a 2-unit, sychronous 
motor-generator set with a two-panel switchboard for 
controlling the alternating and direct current units. 
The motor is rated 435 kva. (0.8 power factor), 6,600 
volts, and operates at 900 revolutions per minute. 
Provision is made for starting as an induction motor 
through a compensator, which is operated from the 
alternating current panel. The generator is the com- 
mutating pole type, rated 300 kw. at 1,500 volts. The 
set is capable of carrying 200 per cent overload, or 
900 kw. momentarily. Excitation for the alternating 
current motor fields and for the shunt fields of the 
direct current generator is furnished by a 10-kw., 125- | 
volt, direct-connected exciter. 


The switchboard consists of two natural black slate 
panels, one controlling the sychronous motor and the 
other the direct current generator and feeder. The 
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direct-current panel is a standard 1,500-volt type, car- 
rying remote control, hand-operated switch and cir- 
cuit breaker mounted between slate barriers at the 
top of the panel. The motor panel contains the usual 
instruments and starting and operating switches for 
controlling the motor. An aluminum cell lightning 
arrester is also installed in the station as a protection 
against electrical storms. 


Locomotive. 


All trains are handled by a standard, 50-ton electric 
locomotive of the steeple cab type, designed for slow 
speed freight and switching service. The running 
gear consists of two swivel equalized trucks, carried 


Type of Locomotive Used for Freight Hauling on the Electrified 
Terminal Line at Great Falls, Montana, Chicago, Milwaukee 
& St. Paul R. R 


on semi-elliptic equalizer springs. The driving wheels 
are of solid rolled steel, 36 ins. in diameter. The motor 
equipment includes four GE-207, 750-volt, box-frame, 
commutating pole motors insulated for 1,500 volts. 
Each motor has a normal one-hour rating of 79 h. p. 
at 750 volts, and two motors are connected perma- 
nently in series. All motors are ventilated by a blower 
direct-connected to the dynamotor in the cab of the 
locomotive. The gear reduction is 64 to 17. 


The control equipment is Sprague General Electric 
type M, arranged for operation from either end of the 
cab. There are ten steps with the motors in series and 
seven steps in series-parallel. Control current for op- 
erating the contactors, lighting and other auxiliary cir- 
cuits is furnished by a type CDM-19, 1,500/600-volt 
dynamotor. A multivane fan carried on an extension 
of the shaft furnishes air for ventilating the motors. 


The current collector is a sliding pantograph, sim- 
ilar to that being installed on the main line 3,000-volt 
locomotives. The slider is lifted into position by air 
pressure and is held against the wire by steel coil 
springs. Provision is made for operating at trolley 
heights varying from 17 to 25% ft. above the top of 
the rail. 

Compressed air for operating the air brakes, whistles 
and sanders is supplied by two CP-29, 1,500-volt, 
motor-driven air compressors. Each of these units has 
a displacement of 27 cu. ft. of air per minute at 90 Ibs. 
pressure. The compressors are located in the cab of 
the locomotive convenient for inspection. 

A headlight, provided with a concentrated filament 
type Mazda lamp of about 100 c. p., 1s mounted on 
each end of the locomotive. a 

As a safety precaution, no trolley wire is installed 
inside of the roundhouse. A connection is made in 
the locomotive for applying power to the locomotive 
through a length of special flexible cable insulated for 
2,400 volts. A double-throw switch in the locomotive 
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cab allows connection to be made either to the trolley 
or cable circuit. 


Line Construction. 


The overhead line construction is of the catenary 
type, similar in a general way to that installed on the 
Butte, Anaconda & Pacific 2,400-volt railroad. Both 
span and bracket construction are used, depending on 
local conditions. Poles are spaced approximately 150 
ft. apart on tangent track, supporting a 4/0 grooved 
trolley from a 3-point suspension. There is no feeder 
copper installed. 

The work was done by the electrification depart- 
ment of the Chicago, Milwaukee & St. Paul Ry., R. 
Beeuwkes, engineer-in-charge, under direction of C. A. 
Goodnow, assistant to the president. All of the elec- 
trical apparatus, including locomotive, substation 
equipment and line material, was furnished by the Gen- 
eral Electric Col, Schenectady, N. Y. 


Effective Resistance and Inductance of Iron and Bi- 
mettalic Wire. 


When a direct current flows in a wire, the dis- 
tribution of the current is uniform over the cross- 
section of the conductor. When, however, an alter- 
nating current flows in a wire there is a tendency 
for the current to crowd to the outside. This phe- 
nomenon which is caused by differences in the opposi- 
tion to the current flow in different part of the con- 
ductor, becomes more pronounced the greater the 
number of alternations of the current in a given time 
and, in iron wires, the greater the current in the 
wire. In some cases the flow of current is confined 
almost entirely to a thin shell on the outside of the 
wire and hence arises the term “‘skin effect” for this 
phenomenon. The effective resistance of the con- 
ductor increases as the frequency of the alternations 
increases and at the same time the inductance, which 
depends upon the magnetic field, is diminished. This 
effect is not only of interest from a purely scientific 
standpoint, but is frequently of importance in engi- 
neering practice. 

When the conductor is of simple form and the mag- 
netic permeability of the material is known, the ef- 
fective resistance and inductance can be calculated by 
formulas which have been developed. The investiga- 
tion, the results of which have just been published 
by the Bureau of Standards, Department of Com- 
merce, in Scientific Paper No. 252, was concerned 
with the skin effect in conductors containing iron. 
Two classes of conductors were considered in par- 
ticular, the iron telegraph and telephone wires and 
copper clad bimetallic wires. The latter have a core 
of steel surrounded by a shell of copper. The ef- 
fective resistance and inductances of these con- 
auctors were determined experimentally for different 
strengths of current and for frequencies up to 3,000 
alternations per second. The results for iron wires 
obtained with very small currents were compared 
with values computed by known formulas and the 
agreement is fairly satisfactory. Formulas are de- 
veloped in this paper which permit a similar com- 
parison between measured and computed values for 
the copper clad wires. The paper concludes with 
wire tables computed by means of the new formulas. 
In these tables the effective resistance and induc- 
tances of copper clad wires are given for wires of 
different sizes and conductivities and for frequencies 
u to 3,000 alternations per second. 

Interested parties may secure copies of this pam- 
phlet free of charge by applying to the Bureau of 
Standards, Washington, D. C. 
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Starting of Squirrel Cage 
Induction Motors 
J. a. Wickman 
Eighth Article 

As a general rule polyphase motors in sizes over 5 
h.p. are equipped with some type of auto-starter or 
compensator for starting purposes. This is necessary, 
for otherwise the starting current might be several 
times larger than the normal full load current which 
would set up severe line disturbances and might do 


considerable harm. The maximum power demand is 
often taken into consideration by the contracting par- 


Primary 


Fig. 18. Sketch Showing Principle of Auto Starter. 


ties when buying and selling power, in adjusting the 
rates. 

The starting torque of an induction motor, which 
is the turning moment expressed in foot pounds, is 
proportional to the square of the voltage applied to 
the stator windings and also depends on the resistance 
of the rotor. It usually varies from 2% to 3 times its 
torque at full load, according to the design. For this 
‘reason the voltage applied to the stator windings can 
be considerably reduced and the motor will start the 
load, drawing no more than full load current from the 
supply lines, 

An auto-starter may then be defined as a device for 
reducing the voltage applied to a motor during the 
‘starting period. The principle of operation of one type 
of starter is shown in Fig. 18. The whole coil rep- 
‘resents the primary coil which is connected across the 
line, while the secondary part A. B. forms the secondary 
‘and is connected to the machine which is to be started. 
‘The diagram shows the connections which would be 
‘used with a single phase auto-starter and while these 
‘are not extensively used commercialy, the principle 


applies to polyphase auto-starters. The latter being 
merely a combination of 2 or 3 one phase auto-start- 
ers properly connected together. 

Fig. 19 shows a diagrammatic sketch of the connec- 
tions and operating principle of an auto-starter man- 
ufactured by the General Electric Company for use 
with a three-phase motor. It will be noted that the 
three leads from the supply A-B-C are connected 
in a star through the neutral “N.” When the handle 
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Fig. 19. Diagrammatic Representation of the General Electric Com- 


pany’s Compensator. 


is placed in the starting postion the connections rep- 
resented by the six dotted lines between the drum and 
the starting side are made and the motor receives a 
proportional part of the line voltage through the taps 
marked 2. Two or three other taps are generally pro- 
vided so that if the motor does not start on one volt- 
a the connections can be moved to one of the other 
taps, as shown by the numbers 1 and 3. The highest 
starting torque is obtained when the connections are 
made to taps 1. When the handle of the compensator 
is thrown into the running position the connections 
shown by the dotted line are all broken. “G” is con- 
nected to D; “H” to E and F to I, this would connect 
the motor directly to the supply lines. In Fig. 19 it 
will be noticed that fuses are shown on the running 
side of the starter, while the starting side is connected 
from the main, which would require a much larger 
capacity fuse. 
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Two of the principle troubles which occur with 
starters of this type are, first, fingers and contact 
plates burn off, caused generally by frequent starting 
or by “touching,” that is, putting the handle in the 
starting position several times to move the rotor just 
a little, as is often done in lining up machines or tools. 
This trouble is easily remedied by replacing the burnt 
parts with new ones. Second, the coils may be burned 
out. If extra coils are not on hand to replace the burnt 
coil, the damaged coil can be cut qut of the circuit 
entirely. This may be done as follows: 

To cut out coil No. 1, open the connections at N-1, 
X and Y and connect the terminals X and Y together. 
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Fig. 20. Wiring Connections of a Westinghouse Type ‘‘B’? Auto 
Starter. 


the stator when starting and to increase the starting 
torque. For this reason three-phase auto-starters with 
3 coils are preferable to those having but 2, for if one 
coil burns out of a 2-coil starter and no extra coils are 
on hand, the starter could not be used. In Fig. 20 is 
shown a Westinghouse type “B” auto-starter with con- 
nections for two phase. This starter may be adapted 
for three-phase work as well as by connecting the leads 
A-1 and B-2 together on the motor side and L-1, M, P, 
and L-4 on the line side. The leads C, A and C, B 
should be connected to which ever of the taps 2, 3 or 
4 is required to give the requisite starting torque to 
bring the motor up to speed. The starting torque with 


The Principles 


RAILWAY ELECTRICAL ENGINEER 59 


each top is proportional to the number of that tap. 
To cut out coil No. 2, open the connections at N-2, 
X-1 and Y-1 and connect the points X-1 and Y-1 to- 
gether. Likewise in cutting out No. 8, open the con- 
nections at N-38, X-2 and Y-2 and connect the termi- 
nals X-2 and Y-2 together. When one coil is cut out 
in this way the effect is to increase the voltage across 
The leads C, A and C, B should always be connected 
to the same numbers on both coils A and B, otherwise 
an unbalanced phase voltage will be produced in the 
starter. 

Several types of starters introduce resistance in 
series between the motor winding and the supply, the 
starters operating as they would on direct current, the 
resistance being cut out step by step. The objection 
to this type is, however, the excessive burning of the 
contacts when breaking the circuit. As they do not 
find extensive commercial use they will not be de- 
scribed here. 

There are a large number of auto-starters or com- 
pensators on the market but most of them operate 
upon the principle of those shown in Figs. 2 and 3. 
With these a squirrel cage induction motor has a frac- 
tional part of the line voltage impressed across its ter- 
minals until it is up to speed, when the full line voltage 
is applied to the machine. This type of starters there- 
fore is only used with uni-speed motors. The methods 
of controling the speed of alternating current motors 
where the variable speed drive is desired, will be taken 
up later. 

Oil for Starters. 


Special attention should be given to the transformer 
oil used for filling auto-starters. This should be tested 
for moisture, conductivity and cleanliness. A very 
small percentage of moisture will greatly reduce the 
insulating qualities of this oil, 1% moisture reducing 
the insulating qualities 11%. By passing the oil 
through slacked lime, dry sand or straw a number of 
times and then straining it through a fine mesh cloth, 
the moisture can be almost entirely removed. After 
several contact tips and plates have burnt off in the 
coil a copper and brass sediment will form in the bot- 
tom of the tank, the color of the oil will be changed 
and the quality deteriotates, indicating that the oil 
should be replaced. The old oil may be filtered and 
used over again. As already has been pointed out, 
this sediment increases the conduetivity of the oil and 
may cause serious burn-outs. 
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of Alternating 


Currents 
Williard Doud 


Fourth Article 

In the preceding installments of this series illus- 
trating the action of alternating currents, the gener- 
al characteristics of single phase, two phase and three 
phase currents were explained by means of diagrams 
and by comparison with hydraulic pumps having dif- 
ferent arrangements of cylinders, piping and operat- 
ing mechanisms. 

In following out the discussion it was assumed, pur- 
posely, that the flow of alternating currents did not 
‘differ from that of continuous or direct current. With 
the passage of continuous current through a circuit 
from a direct current generator, the intensity of volt- 
-age or pressure and current or rate of flow at any in- 


stant in the generating cycle, have corresponding 
values both as regards direction and intensity and as 
a result the current and voltage were assumed to be 
what may be termed, “in step.” 

In the hydraulic analogies used for direct, single, 
two and three phase currents the liquid inside of the 
piping connecting the cylinders and corresponding to 
the external circuit or distribution wires, was treated 
as a solid or incompressible fluid which followed un- 
hindered the direction and speed of the piston through 
the entire stroke or revolution without variation. 

With a direct or continuous current flowing through 
a wire, practically the only hindrance to its free move- 
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ment, assuming no portion of its energy is expended 
in doing useful work, is the resistance of the circuit 
conductor to its passage. 

The flow of alternating current through a wire is 
affected by considerations in addition to conductor re- 
sistance, and in the following an explanation will be 
made by use of diagrams and hydraulic analogies of 
the factors which enter into the retardation of current 
in a conductor and which do not allow of application 
without modification the elementary formula for di- 

E 
C=— and its various modifications 
R 
E 
E=CR and R=—. 
& 

The principal obstacles to the free flow of alternat- 
ing currents, neglecting resistance, are inductance and 
capacity. 


TeCusCULReNts. 


Inductance. 


Inductance is a counter or opposing voltage set up 
in a circuit as the result of an increase or decrease in 
the current; this inductive voltage lags behind the 
impresed voltage by 90°. 

In the application of the hydraulic analogy to the 
explanation of inductance, the liquid flowing through 
the pipe which represents an electric current, must 
be considered as an elastic and not an incompressible 
medium. 


Generovor 
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Fig. 18. A Simple Pump With Frictionless Motor in Circuit Rep- 
resenting Inductance. A Similar Electric Circuit Is Shown 
Inside of the Pipe Loop. 


Fig. 18 shows a single cylinder pump, the ends of 
the cylinder being connected together and in the pip- 
ing placed a frictionless motor operating a heavy fly- 
wheel which is actuated by the liquid flowing in the 
pipe. For comparison, a wiring diagram is shown 
with a coil of wire or inductive load in the outside 
circuit which corresponds to the fluid motor and fly- 
wheel. 

If a current is suddenly started in one direction 
through the piping, it will not take on the same rate 
of flow at all points in the pipe system until the speed 
of the motor wheel or impeller assumes the same 
speed as that of the liquid. This is due to the fact that 
energy must be expended in starting and bringing the 
flywheel up to normal speed. When the motor and 
pipe line are subjected to an alternating flow of liquid 
from the pump it is evident that the motor will not 
reverse and consequently the liquid will not flow in 
exact accord with the piston in the cylinder. The 
speed and direction of the piston determine the value 
and direction of the pressure and the amount and di- 
rection of current or liquid that will flow through 
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the pipe will depend on the pressure produced and 
on the inertia of the flywheel. So it is evident that the 
maximum flow of liquid will not occur at the same 
time that the maximum pressure is applied, but will 
have a tendency to lag behind. If the pipes offered 
no resistance to the flow of the liquid then the maxi- 
mum flow would be one-fourth of a cycle behind the 
maximum pressure. It must not be forgotten that in 
order to produce this condition the fluid must be elas- 
tic or compressible in nature. 

In the same way when an alternating pressure, or 
E.M.F. is impressed on a coil of wire the stored en- 
ergy of the magnetic field about the coil will contin- 
ually oppose the changing voltage which tends to 
change the value and direction of the current. The 
amount of the inductance depends on the character- 
istics of the coil.. Iron in the core generally increases 
this effect. 

Following the. pressure analogy it will be evident 
that the current in the piping is forced back and forth 
by the combined action of the piston in the cylinder 
and the action of the vanes of the motor impeller. 
The latter force combined with the original impulses 
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Fig. 19. Series of Curves Showing the Values of the Impressed or 
Actual Voltage in an Inductive Circuit, Counter E. Fi 
Due to Inductance and the Resultant of These Two Forces. 


reduces the current, forcing it out of step or phase 
with the original. impulses. The energy of the sys- 
tem is thus divided into two parts, one of which over- 
comes the friction or resistance of the liquid and is 
lost and the second is used to overcome the stored up 
energy or inertia of the flywheel and is returned to 
the system: during the same cycle. The opposition 
of the impeller vanes of the motor to the flow of cur- 
rent, when a reversal suddenly occurs serves to store 
up fluid pressure which reacts and assists in starting 
the flywheel rotating in the opposite direction. 

The energy thus returned to the system may be 
termed the idle component for it is alternately given 
up by and returned to the generator. The energy 
used in overcoming resistance is the useful or work: 
ing component. 

In a coil of wire on which the alternating E.M.F. 
is impressed, one portion of the energy is absorbed 
by the circuit resistance and is dissipated as_ heat. 
This is expressed as watts and corresponds to the use- 
ful or working component in the hydraulic analogy. 
The other portion is absorbed as magnetic energy 
and returned to the system out of step with the orig- 
inal impulses and is the wattless or idle component of 
the total energy in the circuit. 

The current in a circuit containing inductance is 
always in step or phase with the voltage or E.M.F. 
which is consumed in resistance and what is known 
as the impressed E.M.F. is the resultant of the instan- 
taneous values of E.M.F. consumed in resistance— 
and the counter E.M.F. due to the inductance of the 
circuit. 

Fig. 19 is a series of curves showing the values of 
the impressed or actual voltage in an inductive cir- 
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cuit, counter E.M.F. due to inductance and the result- 
ant of these two forces. 

It will be noted that curve No. 3 is obtained by 
adding the sums of the value of curves No. 1 and No. 
2 above or below the horizontal lines. This is similar 
in form but has lesser values than and lags behind 
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Edison Storage Battery 
Questions. 


Continued from last month 


Effect of High Temperature. 


Q. 22. What is the highest temperature which the battery 
can stand without injury for (a) continuous operation, (b) 
short periods? 

Ans. 22. 115 deg. F. is the maximum prescribed by 
the manufacturer for continuous operation. For short 
periods, however, the battery will stand much higher 
temperatures than this, in fact in many cases where a 
battery was on test with terminals short circuited the 
electrolyte has actually boiled, due to the heat of the 
extremely high current flow, but the manufacturer 
states the plates have not seemed to be in any way in- 
jured by this high temperature. 


Renewal of Solution. 


Q. 23. How often is it necessary to change the solution 
of an Edison battery, and what indication shows if a battery 
needs new solution before this time? 

Ans. 23. The manufacturer recommends that the 
solution be changed every two years, although in some 
cases this may not be necessary. The gravity of the 
solution gradually decreases after months of battery 
operation; this is due to the electrolyte being carried 
off by gasing. 

When the gravity falls to 1,160 at level, thorough- 
ly diffused, it is the proper indication that the 
solution requires renewal whether the battery has 
been in service two years or not. On the other 
hand, at the end of the two year period the solution 
may show sufficiently high gravity but there may be 
impurities which have collected in the electrolyte in 
flushing which would require that the solution be re- 
newed. ‘Therefore, it is strongly advisable to either 
renew the solution every two years as the manu- 
facturers request, or submit a quart sample of the 
electrolyte to them for test. If it is found necessary to 
renew before 2 years, there must be something wrong 
with regulation. 


Method of Changing Solution. 


Q. 24. What is the best method of changing the solution 
of an Edison battery? 

Ans. 24. The battery should first be completely 
discharged, the cells should then be shaken so as to 
stir up any sediment that might be in the bottom, then 
open the gas vent cover and pour out the solution. 
Sometimes the solution taken from the cells is of a 
dark muddy color which indicates that a certain 
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that of the impressed voltage and leads the curve of 
counter E.M.F. due to inductance. The current is 
proportional to this resultant curve, therefore the cur- 
rent in an inductive circuit lags behind the voltage 
and has a lesser value than it would have if the volt- 
age was similar to that of a non-inductive circuit. 
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There are several methods of shaking the cells, one 
of which is to remove the connectors and take each 
cell out singly and shake it by hand, but where there 
is a large amount of this work to be done the follow- 
ing stunt may be made use of, with good results. 

Suspend the battery tray either by a rope or wire 
from the ceiling and then shake. A more convenient 
way is, however, to construct a cradle as shown in 
the diagram below, which is pivoted at least 2% feet 
from the trap support. 


Side View 
Cradle for Shaking Three Edison Cells at Once. 


fron?’ View 


The last two stunts allow the entire tray, contain- 
ing the three cells to be handled at once and by one 
man; it also permits the cells to be shaken more vio- 
lently than by the hand method. 


It is a peculiar fact that the gravity at the end of 
discharge is higher than at any other time. The exact 
reason for this cannot be stated but it would indicate 
that when in a charged or partly charged condition 
there is more or less of the soluble material of the 
solution which is being held within the plates and at 
the end of discharge this has been driven out of the 
plates into the electrolyte. Since in changing the 
solution, we desire to remove al] of the old electrolyte, 
this can be done at the end of discharge after the 
electrolyte has been driven out of the plate. 


Gravity of the Solution. 


Q. 26. What are the limits of gravity for satisfactory 
operation of the Edison battery and when should a gravity 
reading be taken? 

Ans. 26. The normal gravity of the solution is 
about 1.200 although in train lighting cells where so 
much space is provided for flushing, the gravity of the 
electrolyte will be considerably lower than this when 
the cells are filled and will be considerably higher than 
this when the level of the solution gets down near the 
top of the plate. Under these conditions the gravity 
should not go higher than 1.250 with the low level of 
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solution, and 1.160 with the high level of solution. 
Immediately after renewing the solution the battery 
will probably show a gravity of 1.230. 

It is of course impossible to get an accurate reading 
of gravity shortly after the battery has been flushed 
for the distilled water used in flushing is much lighter 
1an the electrolyte, so remains at the top of the cell 


cr 
— 


us 


HITTITE OTOL 


A. 


= 


en No. 42 


Gould Simplex System — Dis- 
mantling the Generator 


Of course the extent to which a generator is torn 
down for inspection or repair would depend altogether 
upon what is necessary to be done, but in this lesson 
we will assume that the machine is to be all torn apart 
and the reader can then use his own judgment in per- 
forming operations necessary in his individual case of 
trouble. 

Removing the Pulley. 

Whether the machine is on its suspension or re- 
moved therefrom in the shop, as shown in Fig. 211, 
the pulley should be removed by applying a pulley 
puller. Ifa hammer and cold chisel is used for forcing 
off the pulley, this is liable to break the pulley flange 
and at the same time may spring the armature shait. 
Therefore, the pulley puller should always be used. 
This is simply a steel yoke supplied with some means 
of gripping the pulley, and with a threaded rod for 


Figen 211: 
Pulley Puller as It Is Apt to Break the Flanges and the Pointed 


Pulley Puller in Position. This Is a Poor Design of 
Rod Is Liable to Injure the Shaft Center. 
So As To Grip the Web or Hub of the Pulley and Should Have 
a Square Ended Pressure Block on the Rod. 


It Should Be Equipped 


bearing against the armature shaft. The pulley puller 
as shown in Fig. 211, grips the pulley flange and a 
point on the end of the rod enters the shaft center. 
This is bad practice, as it is very essential that the 
shaft center should not be injured, and the pointed 
rod grinding into it will be very liable to mar the 
center. It will be found much safer to use a square 
ended block on the end of this rod, as shown in the 
bearing puller in Fig.-2138. Some roads have this 
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and in sample drawn off for testing gravity will have 
a large percentage of distilled water used in flushing 
and a small percentage of the electrolyte from the 
bottom of the cell. The battery should be charged 
until it gasses freely as this gasing will mechanically 
mix up the electrolyte so that a fair reading of gravity 
can be taken. 
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block recessed out so as to cover the end of the shaft 
and prevent its slipping and injuring the thread of 
the shaft. 

The grip on the pulley, as shown in the Fig. 211 is 
also bad practice, as this is apt to break the pulley 


Fig.- 212. 
Removing the Six Cap Screws, and the Six 
Two of Them Are Screwed Into the Head at the Points ‘J’? and 


After 
Bearing Plate Nuts, 


Generator With Pulley End Housing Removed. 


Force the Head Off. If the Ball Bearing Is Not To Be Removed 
from Head the Bearing Plate Nuts Should Not Be Removed, and 
the Head Should Be Forced Off by Pressure With Special Wrench 
at Commutator End of Shaft, as Shown in Fig. 215. 


flange. It would be much better practice to use T head 
bolts which could be passed through the slotted holes 
in the web of the pulley, or hooks that could be passed 
through the large holes in the pulley web. Another 
type of pulley puller, known as the “Consolidated,” 
employs bolts which screw into tapped holes in the hub 
of the pulley. 

An eye in the end of this rod as shéven in Fig. 211 
makes it possible to insert a hand bar so as to exert 
a heavy twist easily. Of course, the armature and 
pulley are free to turn, but the rod in the pulley puller 
can be turned in its yoke, forcing the pulley off, by 
“bumping” the armature; that is, giving it a quick turn 
in a left hand direction until the bar strikes either the 
floor, car frame, or suspension, causing it to stop sud- 
denly. The momentum of the armature will then carry 
the shaft forward, having very much the same effect 
in removing the pulley as if the armature and shaft 
were blocked solid, and the pulley puller rod twisted 
in a right hand direction. 


Removing the Pulley End Housing. 

After removing the pulley, loosen the six cap screws 
holding the pulley end housing and also the six nuts 
of the bearing plate. The housing can then‘be re- 
moved by screwing two of the cap screws into the 
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housing at the tapped holes marked JJ, Fig. 212. There 
is a tendency on the part of some men to use a cold 
chisel in starting the housing after the cap screws have 
been removed, but this should not be done as it will 
mar the machined face of both the housing and the 
generator frame. This will prevent the surfaces of 
the housing and frame from coming together and will 
throw the bearing out of line, causing a hot bearing if 
the generator is equipped with sleeve bearings, and 
poor alignment in the case of a ball bearing. 

In a few of the earlier types of Gould ball bearing 
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Fig. 213. The Bearing Puller in Place. Note the Square End 
Pressure Block. Bearing Lock Nut and “G’’ Ring Are 
Shown in the Foreground. 


generators put on the market, the rear, or pulley end 
housing was not equipped with a bearing inspection 
plate. On the later machines, however, a bearing in- 
spection plate is provided so that when it is desired to 
simply inspect the ball bearing this can be done by 
removing the inspection plate without removing the 
housing. After the end housing or head has been re- 
moved ‘this exposes the ball bearing and bearing plate 
which is to the rear of the bearing. In removing the 
ball bearing from the shaft a spanner wrench, in the 
form of a semi-circle, should be used to remove the 
bearing lock nut, as shown in Fig. 216. Before this 
nut can be started, however, the “G” ring, which locks 
tHe mnt in place, must be first removed. This “G” 
ring is shown inserted into the bearing lock nut in the 


foreground of Fig. 213. 


Removing the Pulley End Ball Bearing. 


A ball bearing puller should be employed for this 
purpose, as shown in Fig. 2138. This hooks around 
back of the bearing 
puller, which is provided with a brass block so as not 
to injure the shaft center, bears against the end of the 
armature shaft. After removing the bearing from its 
mounting it should be carefully cleaned off so as to re- 
move all grease and dirt. One of the best ways to do 
this is simply to turn the steam hose on it, although 
kerosene may be employed if a steam hose is not avail- 
able. This, however, requires that the bearing be 
soaked and worked considerably in order to remove 
all of the grease and dirt. Don’t use gasolene as this 
muiieave grit on the balls and races.. If an S. K. F. 
ball bearing is used the bearing can be taken apart and 
the balls and races wiped carefully. 

The outer raceway of the ball bearing is supposed 


plate and the screw rod of the, 
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to “creep” slowly in its mounting so that the balls will 
wear it evenly; therefore the inspector on removing 
the bearing should observe it carefully and note 
whether or not the outside face of the outer race is 
more or less polished, showing the effects of revolving 
and wearing slightly in its mounting. 


Removing the Commutator End Ball Bearing. 


Remove the two wing nuts holding the inspection 
plate over the trip carrier and unscrew the hexagonal 
lock nut on the end of the shaft. After giving this nut 
about one turn the larger nut at the rear can be driven 
back with a hammer and this loosens the lock nut so 
that it can be easily unscrewed by hand the rest of the 
way. 

The trip carrier can then be pulled off the armature 
shaft; if any difficulty is experienced in removing it, 
there are provided two tapped holes in the face of the 
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Fig. 214. The Bearing, Lock Nut and Bearing Plate After Having 


Been Cleaned. 


trip carrier for inserting two cap screws so that the trip 
Carrier may be orcedeirewitoea bar. After the 
trip carrier has been removed this exposes the bearing 
plate covering the commutator end ball bearing. The 
six machine screws holding the bearing plate should 
then be removed. It will be found necessary to throw 
over the pole changing switch by hand in order to get 
at one of the bearing plate screws. The bearing plate 
can then be removed by screwing two of. the cap 
screws into the holes provided for this purpose in the 
plate and these screws force the plate loose from the 
generator housing. 

The bearing plate adheres rather solidly to the 
housing because of the fact that a coat of shellac is 
given the face of the plates when they are assembled. 
This is for the purpose of preventing the bearing 
grease, which may have become thin in service from 
leaking into the generator housing. As the bearing 
plate is withdrawn, it will have to be turned until the 
notch in the edge of the plate comes into proper posi- 
tion so as to pass one of the stud bosses on the housing. 
Some of the earlier ball bearing equipments may not 
have this notch in the bearing plate, but this can easily 


_be ground by the car lighting man overhauling that 


equipment. 

When the plate is replaced care should be taken to 
see that it is put back in the same position as when 
taken off, that is with the notch at the bottom; this is 
necessary because the shellac may stick unevenly to 
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the two surfaces, and if not put back in the same posi- 
tion will cause the joint to leak. 

A special hollow wrench or tool threaded at one end 
and having a cap screw at the other end is then slipped 
over the shaft and screwed into the tapered bushing 
of the ball bearing. With this tool in place, as shown 
in Fig. 215, a few turns of the cap screw with a hand 
wrench will force the armature shaft out of the taper 
fit of the ball bearing sleeve. ‘This special hollow 
wrench acts both as a “guide for the armature shaft as 
it is being withdrawn or replaced, and also as a handle 
for removing and applying the ball bearing, as shown 
in Figs. 216 and 217. 

In removing the ball bearing the generator shaft 
need only be itera en about 63 in. SO that the bearing 
can be dropped down sufficient to pass the pole 
changer switch; the armature need not be removed 
entirely for this purpose. The bearing can then easily 
be withdrawn, the special wrench acting as a handle 
for holding the bearing while it is being cleaned. 


It is not necessary to remove the tapered bushing 
from the ball bearing while it is being cleaned, but if 


aie ils); Special 
Hollow Wrench Slipped Over the Shaft Screws 
Bushing of the Bearing. The Stud 


Wrench Can Then Be Screwed in, 


Removing the Commutator End Ball Bearing. 
Into the Tapered 

in the End of the Hollow 
Forcing the Armature Shaft 
Out of the Tapered Bushing of the Bearing. 


for any reason it becomes necessary to remove this 
tapered bushing, this can be done by first removing 
the “G” ring and unscrewing the bearing lock nut with 
the spanner wrench, as is shown applied in Fig. 216; 
the bushing can then be either driven out of the bear- 
ing with a “hard wood block or it may be possible to do 
this by striking a few upward blows on the end of the 
hollow wrench, but this wrench must first be screwed 
solidly in place so that the threads of the wrench and 
bushing will not be injured by doing this. 


Replacing Ball Bearings. 


After the pulley end bearing has been thoroughly 
cleaned with either a steam hose or kerosene, it can 
be remounted on the armature shaft by using the spe- 
cial tool, as shown ih Fig. 217. In arranging the set up 
for this view the bearing plate has been omitted; this, 
of course, must be slipped on the shaft before the ball 
bearing is applied. This tool used in replacing the bear- 
ing is simply a sleeve which can be slipped over 
the armature shaft and bears against the inner race of 
the ball bearing. The other end of the sleeve has a 
hole drilled in it which allows the threaded end of the 
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armature shaft to project through, so that a plain nut 


can be screwed on, causing the sleeve to press the ball 


bearing into place. Some generators have the pulley 
held in place by a Columbia lock nut. This, of course, 
cannot be used in forcing the ball bearing into place 
with this tool because of the fact that the nut would 
lock as soon as it began to force the bearing. 

After the ball bearing has been pressed home against 
the shoulder on the armature shaft the bearing lock 


Fig. 216. Commutator End Ball Bearing Plate and Bearing Re- 
moved. Note the Special Hollow Wrench Acts as a Handle for 
Removing and Inserting the Bearing. A Spanner Wrench Is Shown 
in Place on the Bearing Lock Nut, the ‘“‘G” Ring Having Been 
Removed as Shown. 


nut should be applied. It will be noted that there is 
a center punch mark on one face of the lock nut, and 
the nut should be applied so that this punch mark 
comes to the outside. The lock nut should then be 
tightened with the spanner wrench until it is drawn 
up tight. In order that the lock nut may be brought 
so as to register directly over the corresponding hole 
in the shaft, it will be noted that there is a similar 
punch mark on the armature shaft and when the 
punch mark on the bearing lock nut is brought so 
that its punch mark and that on the shaft are right 


PilGaciee 
Hollow Cylinder Bears Against Inner Race So That a Plain Nut 
Screwed on the End of the Armature Shaft Forces the Bearing 


Method of Applying Ball Bearing to Pulley End of Shaft. 


Home Solid Against the Shoulder. Note That the Bail Bearing 
Plate Has Been Accidentally Omitted in This Setup. This Should 
Be Slipped on the Shaft Before the Ball Bearing. 


together, the hole in the lock nut will then register 
exactly with the hole in the shaft so that the “G” ring 
can readily be applied. 

(To be Continued’ 
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New Yard Charging Receptacle. 


We have recently designed and installed a new yard 
charging receptacle which seems to eliminate the ob- 
jections and retain the advantages of both the over- 
head distribution and the underground system. It is 
considered on our road unadvisable to have receptacles 
mounted low where they become stumbling blocks, so 


New Type of Yard Charging Crouse-Hinds Receptacle Installed at 
Cc. & W. 1..R. R: Yards. 


it was decided to either put the receptacles below the 
level of the runway, or well above it, where they could 
be seen by the people in the yard and at the same time 
would be out of the way and could not be damaged by 
being run over by heavy trucks, etc. Several types of 
receptacles and receptacle mountings have been tried 
out but the one shown in the accompanying illustra- 
tion has been found to be the most satisfactory. 


The yard charging system is what is known as the 
series type and the distribution line, consisting of 
two No. 2 wires is carried in conduit underground. 
A 4-in. iron pipe about 9 ft. long is driven 3 ft. in the 
ground and this serves as the mounting for the re- 
ceptacle, as shown. The conduit is brought up out 
of the ground at the post, without any junction box 
whatever and another conduit line is passed down 
from the receptacle to the ground. This latter return 
conduit happens to be behind the 4-in. pipe in the 
illustration. 

A “T” condulet is inserted in the conduit line near 
the top of the post and both of the wires of the series 
circuit pass through this. One of the wires, however, 
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is cut and the two ends lead up to the “L” condulet 
above. Here connection is made with the wires from 
the receptacle. 

The receptacle is of a type very similar to that 
used for mounting on cars, except that it is supplied 
with a special cap having flanges which overlap the 
receptacle and are equipped with a rubber bushing to 
make the receptacle water tight. A substantial hub 
at the top of the cap makes a strong and water tight 
connection to the conduit line above. If it is found 
necessary, the receptacle can be strapped to the sup- 
porting pipe, although this strap is omitted in the ac- 
companying illustration for the joint of the nipple at 
the top is screwed up tight so that the iron post is 
bound between the receptacle and the “T” condulet.— 
jal Ohmans# Hlecwiorery Ge Ge Wi. -T-Re Ri Chicago. 


Wire Connectors for Car Lighting Batteries. 


Instead of skinning the ends of the wire and then tin- 
ning it, it is advantageous to tin the ends before remov- 
ing the insulation. To make a car lighting battery lead 
take a piece of insulated wire of the proper length and 
dip the ends first into the soldering flux and then into 
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Old Method = 
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a melting pot of hot solder. Allow it to cool and remove 
the insulation. 

This has several advantages over the old method. The 
heat of the solder loosens the rubber insulation from the 
wire and makes it easy to remove and in case of flexible 
wire the strands are soldered together, making it impos- 
sible to separate them while removing the insulation. 

Chariési Wet. so tiace, Penn Rk. R. 
A Communication. 
To the Editor: 

Regarding the article published in the RatLway ELEc- 
TRICAL ENGINEER, written by me, on “Electric Lighting 
of Passenger Cars,” I would like to point out that this 
paper was prepared for the Central Railway Club, 
Toronto, and written so as to interest the average rail- 
road man, and does not claim to deal with the subject 
from a technical standpoint. 

Yours truly, E. S. Ma. MACNAB, 
Engineer Electric Car Lighting, Can. Pac. R. R. 
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Mr. H. G. Thompson Appointed General Sales Man- 
ager of the Edison Storage Battery Company. 

Harrison G. Thompson, vice-president and manager 
of the railroad department of the Edison Storage Bat- 
tery Co., has recently been appointed general sales man- 
ager, having charge of all sales, including the railway, 
house lighting and commercial departments. Mr. Thomp- 
son has long been active in the railroad electric car light- 
ing and storage battery work, in fact, he is one of the 
pioneers in this line. 

He was born in Massachusetts in 1875 and entered 
the employ of the Pullman Co, at the age of 21, two 
years later being made foreman of electricians. He sub- 
sequently held positions as battery foreman of the Riker 
Motor Vehicle Co., and later became associated with W. 
L. Bliss during the early development of the Bliss equip- 
ment. In 1905 he entered the employ of the Pennsyl- 
vania R. R. and had charge of electric car lighting at 
Jersey City. He later was electrical superintendent of 
the Safety Car Heating & Lighting Co. during the early 
development of their present axle lighting equipment, 
manager of the railway department of the Westinghouse 
Storage Battery, in the sales department of the U. S. 
Light & Heating Co., and in 1910 became associated with 
the Edison Storage Battery Co., with which company 
he has been the moving spirit in the development of 
their railroad sales. 


Mr. R. M. Newbold Goes With Willard Battery 
Company. 
The many friends of Mr. R. M. Newbold will be 
pleased to learn of his recent appointment as western 


R. M. Newbold. 


railway sales manager of the Willard Storage Battery 
Co. Mr. Newbold has for many years been actively 
engaged in car lighting work, having been the in- 
ventor and designer of the Newbold car lighting sys- 
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tem, manufactured by the Adams & Westlake Co., 
of Chicago. 

Mr. Newbold was born in Pittsburgh in 1876 and 
after a general education entered the Rose Poly- 
technic Institute in 1893 and was graduated therefrom 
in 1897. In 1907 he received his M.S. degree and in 
1908 he received his E.E. degree from this institution. 

After leaving school in 1897 he went to work for the 
Louisville & Nashville R. R. in the mechanical depart- 
ment. In 1901 he went with the Louisville Ry. Co. as 
assistant to the superintendent of motive power on trol- 
ley and power house work. <A year later he again re- 
turned to the L. & N. R. R., filling the position of elec- 
trician in charge of train lighting, shop power, etc. 

While in this work he soon developed an electric 
axle car lighting system in which the variable field 
resistance was automatically cut in or out of the gen- 
erator field circuit by a swinging arm carried on a 
pivot and on the other end of which was attached a 
weight with dashpots. This system has been thor- 
oughly described in the RAILWAY ELECTRICAL ENGINEER 
and is known as the “Newbold” system. 

In 1905 he entered the employ of the Adams & West- 
lake Co., of Chicago, to exploit this system of car 
lighting, and while with this company, developed an 
automobile lighting and starting system along the 
same lines as his car lighting system. Mr. Newbold 
is a Fellow of the American Institute of Electrical En- 
gineers, and member of the following: Chicago Engi- 
neers Club, Society. of Automobile Engineers, 
Engineering Association of the South, and Chicago 
Automobile Club. 

Ward Barnum Leaves Louisville & Nashville 
Railroad. 

June 15 Mr. Ward Barnum resigned his position as 
electrical engineer of the L. & N: RR tosaeceptsa 
position as electrical engineer with the Interstate 
Commerce Commisison. Mr. Barnum is a graduate 
in mechanical engineering of Cornell University and 
has had a wide experience in mechanical and electri- 
cal work since leaving school. 

He has been two years with Swift & Company, one 
vear with the Bucyrus Steam Shovel Co., of Milwau- 
kee, two years with B. J. Arnold Co., of Chicago, one 
year as instructor at the Lewis Institute, Chicago; 
three years as superintendent of Union Light & Pow- 
er Co., Covington, Ky., and for the past 11 years has 
ae electrical engineer of the Louisville & Nashville 

In his new work Mr. Barnum will be actively con- 
nected with the appraisal of railroads with particular 
reference to their electrical equipment. For some time 
in the near future he will be located at shops of the 
Big Four. 


Mr. 


“Considerations in the Design of Railway Motors,” 
a treatise on the ventilation of this type of motor by 
R. E. Hellmund, has just been issued in pamphlet 
form by the Westinghouse Electric & Mfg. Company. 
A large number of illustrations are used showing prac- 
tice in ventilating motors together with diagrams 
showing the air currents through the windings and 
cores of the armatures. 
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Gould Body Hung au 


The accompanying illustration, Fig. 1, shows an in- 
genious standard Gould car lighting generator mounted 
on the ordinary link type suspension, with the links 
shortened and modified to fit the special mounting. The 
suspension is mounted directly on the underframe fish 
belly girder of the car, cast iron blocks about 6 in. deep, 
being “used as furring blocks. It will be noted that all 
of the suspension parts are identical with the standard 
link type suspension, except that the loops turn inward 


Fig. 1. Showing Body Hung Link Suspension for Gould Generator 
Lie R:R: 


on 


at the top instead of outward, and the pillow blocks, side 
irons, etc., are all mounted inside of the links instead of 
outside. This equipment was installed recently on the 
Illinois Central R. R. and seems to be giving satisfactory 
service. A 2%-inch trial leather belt has been used, but 
later standard 4-inch 4-ply rubber belt will be employed. 

It will be noted that the belt passes under the brake 


Etg., 2: 


Old Type Body Hung Gould Generator Installed 


About 1900. 


beam and that wide clearance is provided for the belt 
to clear both the brake beam and the end sill. The dis- 
tance between the shaft center of the generator and the 
axle center is 6 ft., and this requires a belt approximately 
15 ft. long. In passing around curves, the pulley cen- 
ter will be drawn away from, or toward, the axle, as 
the case may be, but the expansion or compression of 
the tension springs will take care of this variation with- 
out unduly straining the belt. Two-inch flared flanges 
have been placed on the generator pulley and the axle 
pulley to guide and protect the belt. 

It is interesting to note the similarity of this suspen- 
sion with that of one of the first Gould suspensions 
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shown in the catalogue of that company dated 1900, and 
as illustrated in Fig. 2. This generator is, of course, 
much smaller than the present one and means are pro- 
vided for shifting the top support of the links from the 
inside of the car, and the tension springs are omitted 
as this equipment is on the belt slipping principle. The 
general layout of the suspension, however, is practi- 
cally the same as the present design. 


Decisions of Recent Car Lighting Patent Suits. 

Two decisions have recently been handed down in 
the United States Courts of interest to the railroad 
world. 


In the suit of the Safety Car Heating and Lighting 
Co: vs. United States Light & Heating Co., the Cir- 
cuit Court of Appeals has handed down a decision af- 
firming the decision of Judge Hazel of the Western 
District of New York. Judge Hazel held that the 
first eight claims of the Creveling patent No. 747,686, 
owned by the Safety Company, which were the only 
claims. involved in the suit, were valid, and were in- 
fringed by both the taper charge and stop charge sys- 
tems involved in that suit, of the United States Light 
& Heating Co., the defendant. . The decision of the 
Circuit Court of Appeals is as follows: 

“We fully concur with Judge Hazel in his discus- 
sion of the questions presented and in his conclusion. 
The decree is affirmed with costs.” 

The second decision is in the case of the Safety Car 
Heating and Lighting Co. vs. Gould Coupler Co., in 
which the Safety Company was suing for infringe- 
ment of the patent to H. G. Thompson, No. 1,070,080, 
owned by it. In this patent claims 4, 9, 10, 11, 12 and 
13 were alleged to be infringed by the Simplex Sys- 
tem of the Gould Coupler Co. in both the constant 
battery current and constant generator current forms. 
This case was tried in open court during December, 
1914, and January, 1915, before Judge Hazel at Buf- 
falo, in the United States Court for the Western Dis- 
trict of New York. The decision holds all the claims 
valid and all infringed by both the constant battery 
current system and the constant generator current 
system of the Gould Coupler Company. 

The U. S. Light & Heating Company advise that the 
stop and taper charge systems to which the decision re- 
fers, have been discontinued for some time, and that the 
decision does not affect the modern standard system of 
U.S. Light & Heating Company. The Gould Coupler 
Company advise that this decision affecting their equip- 
ment will be appealed immediately. 


The American Pulley Company have been informal- 
ly notified that they have received a gold medal for 
their split steel belt pulleys, a gold medal for their 
pressed metal, sash pulleys, and bronze medals for 
their reels, spools and beams. 

The Standard Underground Cable Co., Pittsburgh, 
Pa., has been awarded a gold medal or highest award 
in its class, by the International Jury of Award. Pan- 
ama-Pacific International Exposition for its exhibit 
of a complete line of electric wires, cables and cable 
accessories. 

This is the seventh award of this degree which has 
been received by this company in as many different 
expositions and as its products have never been in sim- 
ilar competition oftener, this constitutes a perfect 
score. 

The exhibit consists of samples of bare and insu- 
lated wire and cables of different kinds illustrating the 
great variety of these products manufactured by the 
Standard Company. Cable terminals, junction boxes 
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BERYLITE 


Bowls andl ee ilecctons 


Are of artistic and pleasing design and 
excellent efficiency. 


We can thoroughly recommend BER Y- 
LITE Bowls for office, station and car- 
lighting and for all semi-indirect illumi- 
nation. 


Send for our new bulletin on BERY- 
LITE ‘Glassware and Fixtures. 


ELECTRIC Am 


For All Classes of 


D. & W. 
Magnetic Chucks 


DT. 
CSR pera: 5 


Heat, Oil and Waterproof Chucks 


for Every Purpose 
There’s a D. & W. Magnetic Chuck to 


meet your requirements—flat, vertical and 
rotary styles, proof against moisture, oil and 
heat. Holding power greater than ever 
before secured in magnetic chucks of equal 
size. Vide capacity, true and accurate in 
operation, holding heavy work rigidly and 
light pieces without distortion. Provided also 
with auxiliary plates to be used as fixtures in 
holding odd shapes, etc. 

Send for complete information. 

“D. & W.” Chuck Coils are wound with 
“Deltabeston” (asbestos covered) magnet 
wire, and coil units are interchangeable. 


In addition to the above, we carry a complete stock in. Chicago, for 
dulets, linemen’s tools, pole line material, glassware, reflectors, incan- 


Special car material, such as car switches, distributing boxes, switch- 
If it’s electrical, we are in position to furnish it. 


INQUIRIES AND ORDERS 


Central Electric Company 


“The House of Service” 


320-326 So. Fifth Avenue 


Chicago | 
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Reilroad Work 
MANSON TAPE 


Has made its reputation on its record. 
Its features are: 


The texture of the fabric combines 
lightness (giving yardage) and strength. 


It will not dry out and lose its adhesive- 
ness— : 


It does not unwrap— 
It does not corrode the wire— 


It is packed in tin boxes 14 pound 
full weight. 


Dependable Plugs and Receptacles 


Made in many types, each designed for a 
specific purpose and better for that purpose 
than any other. 


Ralco No. 7, illustrated above, is for use for 
locomotive pits, basements, etc., or any place 
where conduit is laid in cement walls as a 
permanent wireway for portables. 


The receptacle box is self-draining—The 
mounting bases are set back one inch from 
face of concrete, eliminating the liability to 
accidental breakage. 


For “tough propositions” investigate the 
Raalco line. 


Send for new bulletin. 


immediate shipment, of standard makes of wiring devices, conduits, con- 
descent lamps, etc., for shop, roundhouse, street and car work. 


boards, fuse holders, wires and cables, are also carried in stock. 


ARE SOLICITED 


Central Electric Company 


“The House of Service’’ 


320-326 So. Fifth Avenue 


Chicago 
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and other cable accessories are also shown in consid- 
erable variety adapted to various classes of serv- 
ice. A unique and interesting feature of this com- 
pany’s exhibit is the use of copper ingots as posts and 
a large stranded bare copper cable as railing for en- 
closing its exhibit space. In order to introduce some 
movement into its exhibit two braiding machines are 
shown in operation weaving cotton insulating braid 
on a copper wire. 

The Western Electric Company was awarded the 
following medals by the Panama-Pacific exposition: 

The Grand Prix for the exhibit as a whole. This 
award signifies that the products exhibited are supe- 
rior to all others of their kind in the world. 

Gold medals, each were awarded as follows: 

One for telephone switchboards and equipment, rep- 
resenting apparatus standard throughout the world. 

Another for telephone train dispatching and control 
apparatus, representing a decided advance in the art, 
as evidenced by the adoption of this type of equip- 
ment by many of the leading railroads of the world. 

A third, for insulated wires and cables, which repre- 
sent a degree of perfection in the manufacture of tele- 
phone cable that contributes largely to the present 
day development of the telephone system. 

Two bronze medals were awarded for the company’s 
mine rescue equipment and mine telephones. 


New Electrical Railway Handbook. 


The McGraw Hill Book Company have recently put 
a new handbook on the market for the use of opera- 
tors, engineers and students, which contains practical 
data, formulas and tables for the solution of electric 
failroad problems. As the author, Mr. Albert 3. 
Richey, professor of electrical engineering of Worces- 
ter Polytechnic Institute, remarks in the preface, 
“The field of the electrical railway engineer is so 
broad that such information has necessarily been very 
much scattered. A great deal of valuable ma- 
terial has been available only in periodical publica- 
tions where, unless held by a good index system, it 
was soon lost to the operating engineer it has 
been the aim to present data on the subjects which 
come up in every day electric railway practice for con- 
stant use by the operating, constructing or designing 
engineer.” 


The scope of this volume may be judged by the 
titles of the sections, i. e., Road Bed and Track; Build- 
ings; Train Movement; Railway Motors; Controlling 
Apparatus; Current Collecting Device; Trucks; Brak- 
ing; Rolling Stock; Transmission and Distribution, 
and Signals and Communication. All of these sec- 
tions are treated both from the point of view of the 
operating and constructing engineer and should prove 
to be of great value in both those fields. 

This book contains 817 pages of printed matter 
bound in flexible morocco. The price is $4, of the 
McGraw Hill Book Co., Inc., of New York. 


Railway Data Exchange. 


The June issue of Westinghouse Railway Data Ex- 
change, issued by the Westinghouse Electric & Mfg. 
Company, is on the subject of “Freight Hauling.” 
This publication contains several articles among which 
are “Fast-Freight Service on the Winona Interurban 
Railway,” “Effect of Brake-Setting on Power Con- 
sumption,” and “Effect of Car Wheel Diameter on 
Motor Heating,” all containing valuable information 
on freight haulage by electric locomotives. 
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The Use of Small Rotaries in 
Railroad Service 


Small rotary converters-of special design have re- 
cently been proven to have sufficiently stable and fool- 
proof characteristics as to warrant their extensive use 
in railroad service. Motor generator sets and mercury 
arc rectifiers have been generally used in the past for 
storage battery charging and in many large shop in- 
stallations large motor generator sets of from 25 to 50 
k. w. capacity Have been installed largely for the pur- 
pose of correcting the power factor of the a. c. system 
and eliminating the flow of wattless current through 
the generator and distribution systems. Incidentally 
these motor generator sets furnish direct current for 
the operation of crane motors and motors on variable 
speed tools, although the advantages gained by correc- 
tion of power factor alone are now considered suffi- 
cient to warrant the installation of this additional unit. 

The rotary converter will operate at considerable 
higher efficiency than a motor generator set of the 


RAILWAY ELECTRICAL ENGINEER 69 


same capacity, on account of the fact that there is but 
one armature and one set of fields, and the machine 
is both a motor and a generator, so most of the losses 
due to armature reaction are eliminated. The peculiar 
characteristics of rotary converters is danger of high 
field voltage, liability to run away, difficulties in getting 
them up to synchronous speed without d. c. current, 
etc., requiring an experienced electrician in attend- 
ance, have been a serious handicap to the extensive 
use of rotary converters in small sizes. 


In another part of this issue is described an installa- 
tion in which a 30 k. w. rotary converter of special 
design is used for battery charging. This converter 
starts as an ordinary induction motor, not requiring 
any special intelligence on the part of the operator 
and being nearly fool-proof in its operation. With 
these improvements rotary converters should find a 
wide application in railroad service. Moreover, its 
constant potential characteristics make it an admir- 
able unit for charging storage batteries by the con- 
stant potential method. This characteristic is also 
desirable, although not of much importance in supply- 
ing current for d. c. variable speed tool motors. A 
converter designed to give a strong drooping charac- 
teristic, on the other hand, will meet the special re- 
quirements of electric arc welding service, in fact, 
rotary converters of special design have already been 
used rather extensively in this class of service. 

The further advantage of these machines is that 
they can be arranged to give a leading current and, 
by so doing, improve the power factor of the line on 
which it is operating. This is of considerable im- 
portance where induction motors are used on the same 
line. 


Electrification and Train Delays 


It is most encouraging to hear of the small num- 
ber of delays in the schedules of the trains of second 
district of New York in the report for the year ending 
June 30, 1915. The figures of the public service com- 
mission are quoted as showing that out of a total of 
67,080 trains, which were operated in this district in 
June, 93% of them arrived at their destination on 
time—that is not more than five minutes behind sche- 
dule. In this second district there are several electrified 
railroad divisions and all of these made an admirable 
record for promptness. Of these, the road having the 
least number of delays was the New York, Westches- 
ter and Boston R. R. In twelve months, out of 74,551 
trains, 99.2% of them arrived on time so it cannot be 
said that it is a freak record for a period of fortunate 
operation, but is the average performance over the 
period of a year. Of the 625 trains that arrived late the 
average number of minutes lost per train was only 
0.093. In the analysis of the causes for these delays, 
the significant fact is that in more than 77% of the 
cases the delays were due to waiting for other trains, 
a condition for which the railroad is not responsible 
and over which it has no control. Of the total delays, 
only about one and one-half per cent were due to the 
equipment. This has been due in a large measure to 
the careful inspection that the electrical equipment 
on this road undergoes at regular intervals; it speaks 
well for the ruggedness of the modern electric loco- 
motive. 

The records of the other electrified divisions in 
this district, the Hudson and Harlem divisions of the 
New York Central and the New York, New Haven 
and Hartford, were well above the average. 
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Baggage Car 


Penn. R. R. 
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Lighting Tests 


It will be recalled that in 1912 an extensive series of 
tests was made on the illumination of postal cars by 
the illumination committee of the A. R. E. E. and 
similarly comprehensive series of tests on the illumina- 
tion of coaches was made the following year under the 
auspices of the same committee. The first series of 
tests on postal car lighting were reported in the 
March, 1913, issue of the RatLway ELECTRICAL EN- 
GINEER and the second series of tests on coach lighting 
were reported in the October, 1913, issue of the RarLway 
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Fig. 1. Present Spacing Using BAD-60 
Holophane Reflectors. Note the Heavy 
Shadow Lines Between the Units 

on the Upper Walls. 


Cars. 
ment 


ELECTRICAL ENGINEER, and were later published in book 
form by the association. 

No tests were made at that time on baggage car 
illumination, and as this class of service involves spe- 
cial requirements peculiar to this service, this series 
of tests made by the car lighting department of the 
Pennsylvania R. R. will be very interesting, and may 
be considered as equally valuable as the previous 
tests of postal car and day coach lighting. Extreme 
care was employed to insure that all data be of high 
accuracy, as was done in the first tests, and some of 
the same men employed in the earlier testing crew 
were employed as operators in these tests. 

The requirements for baggage car lighting are dif- 
ferent from that of any other class of car lighting 
service. Baggage is piled high along both side walls, 
leaving a narrow aisle down the center, and illumina- 
tion is desired on the tags and faces of the trunks 
piled both near the floor and near the ceiling of the 
car. Therefore, a deep bowl reflector, which would be 
suitable for postal car service, is not suitable for bag- 
gage car service, on account of the high screening 
angle of the reflector darkening the upper portion of 
the pile of trunks. On the other hand, a properly de- 
signed reflector of the shallower bowl type does not 
interfere with the illumination at the upper zone, but 


Fig. 2. Showing Illumination with 7 ft. 6 

in. Spacing Recommended for PB-70 ft2 Gwin: 

Note the Great 

in Shadow Lines Over 
Fig. 1. 


intensifies the illumination on trunks nearer to the 
floor of the car than would be obtained where bare 
lamps are used. 


Report of the Tests 


The following is the complete report of the baggage 
car lighting tests made by the Pennsylvania Railroad. 


Fig. 3. Showing the Illumination with 8 
Spacing which Is Recom- 
mended for B-60 Cars. Note the 
Shadow Lines Are but Slightly 
More Pronounced than in 


Fig. 2. 


Improve- 


Object of Tests. 


It was desired to ascertain whether or not sufficient 
illumination was being provided in baggage cars and 
if not, to determine an arrangement that would prove 
satisfactory. To form a basis for conclusions illumina- 
tion tests were made in a B-60 and the baggage por- 
tion of a PB-70 car with the present arrangement of 
light units equipped respectively with no reflectors, 
Holophane aluminized steel reflector No. 18460 and 
Holophane aluminized steel reflector No. BAD-60, fol- 
lowed by tests in a B-60 car having light units at 
various spacings and*\with the different reflector 
equipment above mentioned. 


Conclusions. 


From the details of the tests hereinafter presented, 
the following conclusions are drawn: 


1. The present arrangement of light units in PB-70 
(passenger—baggage, 70 ft.) and B-60 (baggage, 60 
ft.), cars with the reflector equinment now used (Holo- 
phane 18460) gives very poor illumination both in in- 
tensity and distribution, and this deep bowl type of 
reflector is not suited to bageage car lighting. 

2. An installation of 5 units spaced 7 ft. 6 in. and 
equipped with Holophane reflector No. BAD-60 at 
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13%” position is recommended for PB-70 cars and 7 
units spaced 8 ft. 6 in. and equipped with Holophane 
reflector No. BAD-60 at 13%” position for B-60 cars. 
3. If, on account of the expense, it is thought in- 
advisable to change locations of light units in PB-70 
and B-60 cars already built, it is recommended that 
no reflectors be used in these cars, the bare lamps 
giving better results than a shallow bowl reflector. 


Illumination Requirements. 


The load in a baggage car, when the latter is well 
filled, will extend from about 1% ft. beyond longi- 
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tudinal center line of car to side of car and as high as 
about 6 or 7 ft. along the side. 


Tags and labels will ordinarily be in a vertical longi- 
tudinal plane, hence vertical and not horizontal il- 
lumination intensities are important. With any reflec- 
tor equipment suitable for these requirements, the 
vertical illumination near floor of car and 1% ft. from 
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center line will necessarily be low, even though the 
horizontal intensity is 3 or 4 foot candles, because of 
the small angle between such location and the nadir 
of the nearest unit. 


Details of Tests 


General. 


The tests were made at Altoona Car Shops in PB-70 
car No. 4829 after same had been turned out of Paint 
Shop and in B-60 car No. 5691 which was taken out of 
service for the purpose, but the interior paint of which 
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obtain the foot-candle intensities and all precautions 
nossible were taken to insure accuracy. At all stations 
the light measured fell directly on test plate of photo- 
meter tube, no diffusing plate for indirect readings 
having been used. 

The lamps used in the fixtures were specially made 
without “getter” properly aged and selected to give 
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practically equal lumens, of the rating 50 watts, 63 
volts, G-30 bulb, and were held at a voltage to give 
O60: FCP: 

Equipment Tested. 


Tests were made in both cars with bare lamps, and 
with Holophane aluminized steel reflectors No. 18460 
(deep bowl) and No. BAD-60 (shallow bowl). In 
addition to the original spacings of lamp units, tests 
were made with spacings of 7 ft. 6 in. and 8 ft. 6 in. 
respectively. The distance between floor and center 
of lamp filament was in all tests of each car the same, 


Fig. 4. Showing the Illumination with Deep Bowl Reflectors. Holo- 
Phane No. 18460. Notice that Rather Heavy Shadows Are 
Cast on the Side Walls and Upper Ceiling Due to the 
Screening Angle of the Reflector. 


viz: 8 ft. 6 in. in PB-70 car and 8 ft. 8% in. in B-60 
car, the latter being obtained by using the shortest fix- 
ture of standard design. 


Readings Taken. 


The location of reading stations is shown on sheets 
No. 1 and 4 for PB-70 and B-60 cars respectively. Hor- 
izontal foot-candles were read on the center line of car 
on a plane 46 in. above floor, the remaining readings 
being in vertical foot-candles. 

Averages obtained at each station are plotted on 
curve sheets Nos. 1 to 11 inclusive, which are self ex- 
plantory. Sheet No. 12 is a tabulation of average 
maximum and minimum foot candle values along the 
same longitudinal line of car and in the same plane, as 
indicated. 

Photographs of the interior of car with various 
equipment and spacings are shown in Figs. No. 1 to 4 
inclusive. These are intended to show only shadow lines 
and are not comparable with each other to show relative 
brilliancy. 


Analysis of Results 


The present arrangement of light units in the PB-70 
cars, as shown on test No. 1, brings the minimum il- 
lumination in the vicinity of Stations No. 30 and 31, 
and this end of the car should therefore receive prime 
consideration. By inspecting tests No. 1, 2 and 3 it 
is seen that with reflector 18460 (Sheet No. 3) the in- 
tensity is very low in the end of the car (Stations 30 
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Illumination Tests in Baggage Cars 


Average Foot Candle Values Along 
Longitudinal Lines of Car 


Nature | Horiz. VERTICAL 

of Val. | 46” p1,|16-30A|31-45A|16-30B|31-45B|16-30C|31-450|31-45D 
Test No. 1; PB-70..... Avg. 1.63 “0.31 | 0.45 0.49 0.72 | 1.05 | 1.38 | 1.84 
Bare Lamps ee Max. | 1.95 | 0.36 | 0.53 | 0.59 | 0.88 | 1.61 | 2.01 | 3.16 
Present Goacios -oee Min. | 0.61 | 0.20 | 0.26 | 0.25 | 0.32 | 0.34 | 0.43 | 0.46 
Test No. 2; PB-70..... Ave. | 2.55 | 0.38 | 0.57 | 0.68 0.86 | 1.40 | 1.22 | 1.25 
Holophane BAD-60....| Max. | 4.73 | 0.50 | 0.72 | 1.07 | 1.28 | 3.32 | 2.53 | 3.17. 
Present Soacine eee Min. | 0.32 | 0.14 | 0.18 | 0.13 | 0.19 | 0.09 | 0.10 | 0.06 
Test No. 3; PB-70..... Avg. “2.58 | 0.36 | 0.58 | 0.64 | 0.86 | 1.43 | 1.14 | 0.63 
Holophane 18460. ...-. Max. | 3.92 | 0.48 | 0.74 | 1.02 | 1.43 | 3.63 | 3.07 | 2.44 
Present Spacing....... Min. | 0.15 | 0.11 | 0.15 | 0.08 | 0.10 “0.05 | 0.05 | 0.04. 
Test No. 4; B-60....... Avg. 1.04 0.19 | 0.30 “0.33 | 0.51 | 0.67 | 0.93 | 1.36. 
Bare Lamps ane Max. | 1.43 | 0.21 | 0.33 |:0.40 | 0.62 | 1.12 | 1.51 | 2.62 
Present Spacing....... Min. | 0.53 | 0.16 | 0.21 | 0.23 | 0.34 | 0.20 | 0.45 | 0.53 
Test No. 5; B-60...... Avg. 1.70 | 0.26 0.44 “0.47 | 0.67 | 0.97 | 1.06 | 1.16 
Holophane BAD-60....] Max. | 3.84 | 0.37 | 0.62 | 0.91 | 1.23 | 3.00 | 2.57 | 3.47. 
Present Spacing... Min. | 0.35 | 0.14 | 0.26 | 0.18 | 0.29 | 0.11 | 0.17 | 0.09 
Test No. 11; B-60.....|. Avg. | 1.93 | 0.29 | 0.51 | 0.52 | 0.80 | 1.22 | 1.06 | 0.68 
Holophane 18460/1.5.5 Max. | 3.86 | 0.39 | 0.74 | 0.99 | 1.62 | 4.27 | 3.22 | 2.80. 
Present Spacing ayaa Min. | 0.22 | 0.14 | 0.27 | 0.12 | 0.19 | 0.05 | 0.07 | 0.05. 
Test No. 10; B-60.....| Avg. "3.07 | 0.85 | 1.20. 0.45 0.71 | 1.74 | 1.79 | 1.97. 
Holophane BAD-60....|_ Max. | 4.27 | 1.03 | 1.47 | 0.51 | 0.77 | 2.90 | 2.68 | 3.56. 
8.6" Spacing eee Min. | 1.82 | 0.66 | 0.97 | 0.39 | 0.58 | 0.73 | 1.07 | 0.70 
Test No. 9; B-60....... Ave. | 3.12 | 0.46 | 0.80 | 0.82 | 1.23 | 1.96 | 1.66 | 1.06. 
Holophane 18460...... Max. | 3.93 | 0.50 | 0.84 | 0.97 | 1.47 | 3.64 “3.12 | 1.94 
8'-6” Spacing......:.. Min. | 2.07 | 0.42 | 0:65 | 0.74 | 0.93 | 0.42 | 0.44 | 0.20 
Test No. 7; B-60.....:. Avg. 1.99 | 0.39 | 0.59. 0.62 “1.02. L227 136 | 2.71. 
Bare Lamps........... Max. | 2.20 | 0.43 | 0.64 | 0.65 | 1.27 | 1.38 | 2.07 | 3.24 
76" Spacing......-.. “Min. | 1.60 | 0.32 | 0.44 | 0.51 | 0.77 | 1.12 | 1.53 | 2.26 
Test No. 6; B-60....... WAGE 3.40 | 0.51 “0.81 | 0.86 | 1.27. 1.88 1.99 | 2.22, 
Holophane BAD-60....] Max. | 4.70 | 0.59 | 0.93 | 1.04 | 1.54 | 3.00 | 2.59 | 3.33 
7/6" Spacing......... Min. | 2.41 | 0.43 | 0.66 | 0.74 | 1.09 | 1.14 | 1.60 | 1.19 
Test No. 8; B-60....... Ave. | 3.67 | 0.53 | 0.93 | 0.99 | 1.54 | 2.42 | 1.99 | 1.24 
Holophane 18460...... ~ Max. | 4.37 | 0.59 | 1.00 | 1.09 | 1.77 | 4.13 | 3.00 | 2.55. 
7'-6" Spacing......... "Min. | 3.11 | 0.42 | 0.69 | 0.87 | 1.22 | 0.98 | 0.92 | 0.81. 


and 31) and midway between units (Stations 23 and 
38). Reflector BAD-60 (Sheet No. 2) slightly im- 
proves conditions around the latter named stations but 
does not improve the low readings at end of car. The 
best results are obtained by using no reflector at all 
as in Sheet No. 1. 

Therefore, if this location of units is maintained in 
cars already constructed, it is advisable to remove re- 
flectors. If practicable to change fixture locations, the 
results of the tests on B-60 car will apply equally to 
PB-70 in determining best spacing. 


Present Spacing. 
60-Foot Baggage Cars. 


Sheet No. 

Tests made Plots Photographs 
Bare lamps e-eeee Senses Le Sr at 4 a 
BAD-60 reflectors eereee ee ee ee 5 13 
18460 reflectoribe rs gere eet ek lo eee 6 ; 14 


By referring to tests No. 4, 5 and 11, it is seen that, 
with present spacing of light units, the intensity values 
fall so low at a considerable number of points as to 
make these minimum values the determining factor in 
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selecting equipment. Table No. 1 shows the minimum 
values to be as follows: 


Bare 

Stations Lamps BAD-60 18460 
inva metied) Seen ae aa 0.53 0.35 0.22 
TESS. Va eete SiGe iencict ts ICRA 0.16 0.14 0.14 
RA SMR hoe se eheys Gugeii soe a 0.21 0.26 0.27 
LOR 4345 =o ate ener 0.23 0.18 0.12 
PON eer Dy Re ee al col tad oir e+, os 0.34 0.29 0.19 
Linc! (Ct elite gees coe eee 0.29 0.11 0.05 
Sus (CS es Se ee ee 0.45 0.17 0.07 
PETMAN MR Oe ois Ges ol <n. ale oes ay Re 0.53 0.09 0.05 


On all reading planes, except stations 31 to 45, plane 
A, the bare lamps show better results and the rank 
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of equipment is: Ist, bare lamps; 2nd, BAD-60; 3rd, 
18460. 

If it is inadvisable to change the spacing in B-60 
cars already built, it is recommended that no reflectors 
be used. 

8 Ft. 6 In. Spacing. 
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Tests 9 and 10 show the illumination resulting from 
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an 8 ft. 6 in. spacing of light units to be considerably 
lower midway between units with 18460 than with 
BAD-60 reflector, on the two upper planes C and D. 
In other words, 18460 reflector cuts off the light in 
such a manner that there is a dense shadow cast on 
the side of car which shadow is longest midway be- 
tween units as may be seen by referring to the photo- 
graph, Fig. 4. This shadow is much shortened and 
less dense with BAD-60 reflector, as shown in photo- 
graph, Fig. 3. 


The BAD-60 equipment at this spacing gives ample 
illumination throughout the car with sufficient uni- 
formity and is therefore recommended for B-60 cars. 

If this spacing is used in PB-70 cars, the distance 
between the ends of car and first unit would be 5 ft., 
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which is too great to give sufficient illumination in 
ends of car. It is therefore recommended that 5 units 
equipped with BAD-60 reflectors be used in PB-70 
at a spacing of 7 ft. 6 in. 


7 Ft. 6 In. Spacing. 


Sheet No. 
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The results of the tests at a 7 ft. 6 in. spacing show, 
with all equipment, slightly ymore uniformity and 
somewhat higher intensities on certain stations than 
with the 8 ft. 6 in. spacing but hardly enough better 
in these respects to warrant the extra unit, considering 
the desirability of keeping the total wattage as low as 
possible consistent with sufficiently good results. 


Test No. 8 shows the foot-candle plots by use of 
18460 at this spacing and shows that, even at so close 
a spacing, the 18460 has too low an angular cut-off 
to meet the requirements, the illumination on plane 
D falling too low between units. Altoona, Pa., May 
1, 1915. 

Train Dispatching by Wireless. 

It is now possible to communicate from a moving 
train to a fixed station a distance of 130 miles. The 
train radio service has been used for a variety of 
purposes, such as reporting the number of passen- 
gers on board for connecting lines, for ambulance 
service and commercial telegrams. The cost 1s not 
prohibitory considering the advantages to be gained. 
One year the pole lines in New Jersey and New York 
and Pennsylvania were almost completely wrecked 
by sleet storms, and wireless was about the only 


‘communication for about 10 days. 
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End Train Lighting 


The head-end axle generator system for electric 
train lighting, although of very recent practical devel- 
opment in this country, is by no means new, for one 
of the first trains to be equipped with electric light 
in England in 1881 employed a system for lighting 
their cars in which the dynamo, mounted in the bag- 
gage van, was belt driven from the car axle. The 
difiiculties of satisfactory mounting of the generator, 
drive and automatic generator control in capacities 
sufficient to handle the lighting load of a modern 
Transcontinental American train, however, were found 
to be so great that head-end train lighting in this 
country has up to recently employed a steam driven 
turbo generator as source of power. 

The Northern Pacific R. R. and the Gould Coupler 
Co., however, have been very active during the past 
six years in the development of a head-end axle gen- 
erator system which will measure up to the require- 


Figuels 
Driving Jack Shaft, Also Vertical Chain Connecting 
Jack Shaft to Generator. 


End View of the Truck Showing Axle Gear and Chain 


ments of present day American electric train lighting. 
The first experimental equipments installed on this 
road were described in the RatLway ELEcrricaL EN- 
GINEER of October, 1914, and it will be noted from 
comparing this article with the earlier description, 
that marked improvements have been made, both in 
the general principles and detail design of the equip- 
ment. 

The first experimental equipment was installed in 
1909, and in 1912—3 trains, running between St. Paul 


and Winnipeg, were each equipped with a 4 k.w., 50 
ampere, 80-volt safety axle generator outfit. In 1913, 
7 trains were equipped with a 4 k.w. Gould Simplex 
axle generator equipment, each of which lighted a 
train of 4 cars. The 4 k.w. equipments are still giving 
complete satisfaction. 

In 1914, one train was equipped with a 20 k.w. 
head-end aaie generator system, and in June, 1915, 2 
additional equipments of 17% k.w. capacity were in- 


Fig. 2. Side View of Truck Showing Generator Mounted Over the 
Forward End of the Forward Truck so as to Come at the 
Extreme Forward End of the Car. 


stalled, making in all at the present time 10 short 
trains with 4 k.w. equipment and 3 through trains 
equipped with 17% k.w. or 20 k.w. equipment. 


Generator. 


The generators on the latest equipments inStalled 
have a capacity of 17% and 20 k.w. at 80 volts.. They 
are constructed as six pole compound wound ma- 
chines, having interpoles to insure proper commuta- 
tion and operate at 300 to 2,100 r.pm. The gen- 
erator is mounted on a cast steel base which spans 
between the forward end sill and the center sill of the 
truck, as shown in Fig. 1. On top of this frame work 
is mounted a four- legged, cast-steel pedestal support 
which projects through the floor of the baggage car, 
as shown in Figs. 2 and 6 and on top of this pedestal 
the generator is rigidly mounted. A steel casing built 
in hinged sections, completely covers the generator 
so as to protect it from injury by baggage, etc., and 
a flexible canvas gasket fitted across the opening 
between the generator pedestal and car floor excludes 
all cold weather, dust and water from the roadbed. 

The generator is mounted on ball bearings, which. 
eliminate many bearing and commutator troubles due 
to oil splashing, etc.; these ball bearings require very 
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little attention, being inspected only once in three 
months. The generator rides surprisingly well and 
far better than one would expect with a machine 
mounted directly on the truck and it runs very quietly, 
even under severe conditions of load and high speed. 


The Chain Drive. 


The generator is driven by a 5-inch .9-inch pitch 
Morse silent chain operating from a jack shaft located 
directly below the generator pinion and mounted on 
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Fig. 3. View of Regulating Panel Boards. 


Switch in the Center and Below This, Four Shunt Resistance Coils in Parallel with the Current Regulating Solenoid. 
Carries the Lamp Voltage Multiplier, and the Relay for Inserting Resistance Bank in’ ls Mounted Above. 
Pressure Plate Is in the Form of an Equilateral Triangle with Com- 


Mounted, the Lamp Regulator Having Three Large Carbon Piles. 
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manufacturer to be re-pinned. They advise that the 
re-pinned chains will be practically equal to new 
chains. 

(Generator Regulator. 


The regulator of the generator is of the same design 
as the standard Gould “Simplex” system, except that 
it is built larger and more substantially in all parts, as 
will be noted from the photograph, Figs. 3 and 6. The 
large solenoid on the left being the series solenoid, has 
a capacity of 250 amperes and this can be set so as 


At the Left Is the Generator Regulator with Voltage and Current Solenoids, Automatic 


The Center Panel 
The Right Hand Panel Is 


pressing Force Applied at the Center; at the Left End of the Piles Is an Equalizing Bar, Also in Triangular Form which Equalizes the 


Pressure on all Three Piles. 


the supporting frame of the generator. The jack shaft 
in turn is driven from the axle by means of a hori- 
zontal chain connecting the jack shaft pinion with 
a large sprocket mounted on the forward car axle. 
The horizontal chain between the axle and the jack 
shaft was at first completely encased in an oil tight 
galvanized iron case, permitting it to run in a bath 
of heavy oil and graphite. Subsequent experiments 
with this casing removed, however, has shown that 
this is not at all necessary and that when both chains 
are occasionally lubricated with a heavy grease, con- 
sisting of a mixture of Kent’s compound and flake 
graphite, half and half, the chain drive is found to give 
very satisfactory operation. 

One pair of chains used for driving the first 20 k. w. 
generator gave a mileage of 140,000 before they were 
removed. During this time the short horizontal chain 
did not stretch appreciably and no slack was taken 
up, but in the long vertical chain it was found neces- 
sary to take up 2 inches after the first 20,000 miles 
operation. These chains were removed when the 
sprockets had reached the limit of their wear after 
140,000 miles operation, and have been sent to the 


to provide any desired current output as follows: 100, 
125, 150, 175, 200 amperes and this solenoid will con- 
trol the generator output at this current value at all 
speeds. 

The generator voltage regulator solenoid mounted 
on the right side of the generator regulator panel con- 
trols the generator voltage between the limits of 78 
and 83 volts, depending upon the temperature of the 
regulating coil. As in the standard Gould Simplex 
system, as the batteries of the train are brought up 
near a full state of charge their voltage will rise and 
the generator voltage, rising cozrespondingly, will 
reach this maximum setting. As the charge continues 
further the voltage will be held at this point by the 
voltage regulator and accordingly the current to the 
batteries will gradually taper off to a low value so that 
the batteries will not be seriously overcharged. 

The 4 coils of wire shown in the left panel of Fig. 
3, mounted directly below the automatic switch, are 
segments of a low resistance shunting the winding 
of the current regulating coil by means of which the 
current setting of the regulator can be adjusted to 
the values of 125, 150, 175 and 200 amperes as desired. 
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Automatic Switch. 


The automatic switch is of the same general design 
as the standard Gould switch but is built much heavier 
in order to handle the large capacity of the machine. 
This is shown mounted in the center of the regulator 
panel. The switch on these particular equipments is 
adjusted to close at 66 volts cold, and 68 volts hot, 
and will drop out when there is a reverse current of 
10 amperes from the batteries through the generator. 


Train Line Connections. 
As is well known, head-end train lighting systems 
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Fig. 4. 
tions and Method of Equalizing the Charge and Discharge Voltages 
of the Batteries at Both Ends of the Train. The Resistance R’, 
Inserted in the Circuit of the Forward Battery, Reduces the Volt- 
age of the Forward Battery Both on Charge and Discharge, Com- 
pensating for the Voltage Drop Line in the Train Line Circuit to 
the Rear Battery. 


Simplified Wiring Diagram Showing Train Line Connec- 


in the past have generally employed a single circuit 
three wire system, having both batteries and lamps 
connected between the positive train line and the nega- 
tive return loop. In this axle generator head-end 
system, however, the three train lines are divided into 
two separate two wire circuits having a common re- 
turn. In other words, the lamps are connected be- 
tween train lines 1 and 38, Figs. 4 and 5, and the bat- 
teries of the train are connected between train lines 
1 and 2. 

The voltage of the current delivered to both the 
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batteries and the lamps can then be automatically ad- 
justed to proper value by means of the controlling 
apparatus in the baggage car, the batteries receiving 
full charging voltage while the lamp voltage is main- 
tained constant by means of the lamp regulator. 


The Lamp Regulator. 


This lamp regulator is constructed on the same 
general principles of design as the standard Gould 
“Simplex” lamp regulator, but in order to take care of 
a maximum lamp current of 125 amperes, and with 
this current flow to absorb the difference between 
maximum generator voltage of 83 and normal lamp 
voltage of 66, representing a heat absorbing capacity 
of approximately 2 k.w. under the most severe con- 
ditions, has required that the regulator be constructed 
on much larger design. An auxiliary bank of re- 
sistance grids is also employed, which is automatically 
switched in at the higher voltages. 

The lamp regulator proper is equipped with a multi- 
plier which intensifies the action of the regulator and 
makes it very sensitive to slight changes in voltage 
in a manner very similar in operation to the Gould 
Simplex lamp regulator, which will be described in 
next issue. It will be noted from Fig. 3, however, that 
the carbon piles of the lamp regulator are of large 
proportions and that there are three carbon piles which 
are connected in parallel instead of two piles being 
connected in series, as is the case with the standard 
single car equipment. 

The large view of the regulator panel boards, Fig. 
3, shows the current and voltage coils of the gen- 
erator regulator and automatic switch at the left, en- 
cased in a protecting box; the center panel carries the 
lamp regulator multiplier relay with solenoid for 
switching in the bank of resistance, shown at the top 
of the illustration, when the lamp voltage rises above 
74 volts; and at the right is mounted the large lam 
regulator proper. ci! 

It will be noted that this lamp regulator has a short 
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Fig. 5. Complete Wiring Diagram of Regulator Panels. 


Relay when the Generator Voltage Rises to 74 Volts. 
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circuiting pile shown in the lower right-hand corner, 
which automatically cuts out the entire resistance of 
the lamp regulator carbons when the supply voltage 
falls equal to or below normal lamp voltage as occurs 
at every stop. At the top right-hand corner of the reg- 
ulator panel board is shown the adjustable spring and 
lever which limits the pressure on the 3 carbon piles. 
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Fig. 6. Interior of the Dynamo Car with the Generator Case Re- 
moved Showing Canvas Gasket where the Generator Projects 
Through the Floor. Note the Generator Regulator Panel and Mul- 
tiplier Panel with Auxiliary Resistance Grid in the Background at 
the Right. 


It will be noted that these 3 carbon piles are placed 
in a triangular form and the compressing force is 
applied at the center of the pressure plate, which is 
in the form of an equilateral triangle. The pressure 
on the 3 carbon piles is equalized by means of an 
equalizing bar at the left end of the piles. This is also 
built in the form of an equilateral triangle, having a 
pivot bearing at the center so that if one pile is slightly 
longer than either of the others, this equalizing bar 
will tilt slightly so as to equalize the pressure, and 
consequently the current flow, through all 3 carbon 
piles in parallel. 


As the generator voltage rises in charging the bat- 
teries and reaches a voltage of 74 volts, an auxiliary 
relay mounted on the center panel of Fig. 3 and wound 
to operate at this voltage, connects a “resistance 
’ bank” in series with the lamp regulator carbons of the 
main lamp regulator. This “resistance bank” then 
assists the carbon pile regulator in cutting down the 
generator voltage to normal lamp voltage and inci- 
dently removes a large part of the heating effect from 
the lamp regulator carbons, and practically doubles 
the voltage range of the regulator. On further rise in 
voltage, the lamp regulator carbon piles being auto- 
matically expanded, absorb this rise in voltage and 
maintain the lamp voltage constant. The carbon piles 
act so gradually and evenly that the lamp voltage does 
not fluctuate to any noticeable extent. 
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Storage Battery Control. 


As mentioned before, there are at present three of 
these large axle generator train lighters in service, 
one of 20 k.w. capacity, and two of 17% k.w. capacity, 
all operating at 80 volts. The 20 k.w. machine op- 
erates between St. Paul and Winnipeg and covers 
10,582 miles per month; the two 17% k.w. machines 
operate between Minneapolis and Duluth and cover 
4,860 miles per month. The Winnipeg train has an 
average lamp load of 75 amperes at 66 volts, with a 
maximum lamp load of 130 amperes. This train is 
usually equipped with three 200 ampere hour, 9 plate 
lead storage batteries, each made up of 32 cells. The 
maximum load that has been handled by this machine 
to date was 220 amperes at 83 volts. 


The Duluth trains have an average lamp load of 
about 65 amperes at 6 volts with a maximum of 
105 amperes. The battery equipment on these trains 
is the same as the above. The lamp voltage regulation 
on all of the equipments is very satisfactory and at 
no time exceeds 1% volts from normal. 


As mentioned above, the storage batteries are all 


Fig. 7: 
gage Can Now be Piled Around and on Top of the Generator With- 
out Injury to it and Without Interfering with its Operation. 


Hinged Steel Casing Protecting the Generator. Bag- 


connected to a two wire circuit so that the batteries 
at the rear of the train will receive a somewhat lower 
voltage than that in the dynamo car on account of 
the line drop throughout the train line. This voltage 
drop from the control panels to the rear of the voltage 
train handled by these equipments is approximately 5 
volts during peak load. Special provision has been 
made in order to compensate for this drop in train 
line voltage and to equalize the battery voltages 
throughout the train, both on charge and discharge. 
This consists of the resistance unit R’, Fig. 4, placed 
in series with the storage battery BD located on the 
dynamo car, as shown by the wiring diagram Fig. 4. 
The value of this resistance may be either determined 
experimentally or may be calculated, assuming a rea- 
sonable drop in train connector contacts. This resist- 
ance would have such a value that the voltages at both 
ends of the line would be approximately equal during 
peak load. 
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In the circuit A..BD, C, Fig. 4, there is a:drop in 
voltage across R’ equal to the drop in voltage across 
the resistance of both train lines 1 and 2 from the 
points I to K, K being the central point of the rear 
batteries. With a battery located at the center of the 
train, or near the forward end, this principle would 
not work out so well, in fact might require another 
resistance of a proportionately less value than that of 
the dynamo car battery, being placed in series with 
this battery. 


Charging. Assume the generator to be operating at 
80 volts. By test it has been found that on charge 
the voltage at BF, Fig. 3, is 77 volts with normal cur- 
rent flowing into the battery BR. The resistance R’ 
is then so adjusted that the voltage at “H” is also set 
to be 77 volts, then any reduction in current, due to 
the tapering effect of the battery charging at constant 
potential, will also result in a reduced voltage drop, 
both over the train lines 1 and 2 through the battery 
circuit resistance R-1. This will allow the terminal 
voltage at both of the batteries to be raised slightly 
with a reduced current, but it should be noted that 
this rise will be uniform on both batteries. As both 
of the batteries are finally brought up to their full 
state of charge, the taper charging effect will cause 
the current in each to taper off to a very low value 
and this will be done to an equal amount in each case. 


Discharge. On discharge, when the forward loop 
connection is made on the train lines, by the auto- 
matic switch, connecting the train lines 2 and 8, the 
current from the rear battery then must traverse the 
entire length of the train through line 2, whereas the 
battery current from the forward battery connects di- 
rectly across the lamps without traversing the train 
line 2. In other words, the effective voltage of the 
battery or batteries at the rear of the train, would 
be diminished by an amount equal to the voltage drop 
in the train lines 1 and 2 and be somewhat lower than 
the terminal voltage of the forward battery. There- 
fore, the same resistance R’ operates equally well to 
reduce the voltage of the battery BD on discharge as 
on charge and causes the rear batteries to assume their 
proper portion of the lamp load. 


Where other batteries of the train are located at 
the center or near the forward end of the train as fre- 
quently -occurs on a long train having one or more 
dining cars, these batteries would each require a re- 
sistance similar to that in the circuit of the dynamo 
car battery, but of a proportionately smaller value. 
Obviously if a battery on a diner located near the cen- 
ter of a train were not so protected by a resistance 
in series with it, this battery would receive a higher 
voltage on charge than either the front or the rear 
battery, and would similarly deliver a higher voltage 
on discharge than either the front or rear batteries. 
This battery, accordingly would assume an undue 
proportion of the current, both on charge and dis- 
charge and might be severely overworked on discharge 
and ‘subsequently seriously overcharged. 


The operation of this scheme could be improved by 
adding two additional cells to each storage battery on 
the train and raising the generator voltage about 5 
volts to compensate for voltage loss in the line and 
the battery resistance. 
be effected by employing a 60-volt lamp and setting 
the lamp regulator to operate at 61 volts instead of 
66. As this would require carrying an extra stock of 
lamps, however, the addition of the 2 extra cells to 
each battery on the train would be simpler and equally 
satisfactory. 


This same result could also - 
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New York & Westchester Trains 99.2% on Time. 


Figures based on the monthly report submitted 
to the Public Service Commission of New York, show 
that the New York, West Chester & Boston R. R. has 
maintained a splendid record for punctuality during 
the last year ending June 30, 1915. Of the 74,551 
trains run only 627 arrived late, making 99.2% of all 
trains arriving at their destination on time. The max- 
imum number of minutes late in any month was 1,442 
minutes for April, the minimum number of 228 min- 
utes late was the record for March. More than three- 
quarters of the delays are due to waiting for other 
trains, a cause which is beyond the control of the op- 
erating departments of the railroad. A large propor- 
tion of the delays were due to the opening of the draw 
bridge over the Bronx river. Very few delays were 
caused by failures of equipment or signals. Next to 
waiting for other trains, the greatest number of delays 
were due to waiting for other divisions, which is oc- 
casioned by the delay often necessary for the inter- 
change of passengers between local and express trains. 

One of the reasons for this fine record is the care 
which the railroad uses to discover and list any de- 
fects which may appear in the equipment. All fac- 
tors which tend to cause the delay of the train are 
studied so as to prevent the recurrence of such an ac- 
cident. 

The averages for the year are: Trains run, 74,551; 
trains late, 627; trains on time, 73,924; per cent on 
time, 99.2% ; average minutes late per train run, .093 
minutes. The principal causes of delay are: Equip- 
ment, 1.5%; waiting for other divisions, 9.5%; wait- 
ing for other railroads, 77.5% ; signals, 5 other 
causes, 8%. 


Pennsylvania Makes Good Record. 


In the first six months of 1915 the Pennsylvania 
Railroad made more than 2,000,000 efficiency tests of 
all kinds, and 99.9 per cent of them showed perfect 
observance of all rules and regulations on the part 
of 135,458 employes. 

Here are some results of this record: j 
Twenty-eight and one-half per cent less employes 
were killed in the first six months of 1915 than in 
the corresponding period of last year. This was not 
due to a heavy decrease in train mileage, as passenger 
train miles were only 6 per cent and freight train miles 
8 per cent less than in 1914. In 1914, 119 employes 
were killed in the first six months from various causes, 

while in 1915, 85 employes were killed. 


No passenger was killed in a train accident in the 
period covered by these tests—as a matter of fact 
no passenger has been killed in a train accident on 
the Pennsylvania Railroad since 1912. 


A decrease in accidents is invariably accompanied 
by a high record of efficiency on the part of all em-— 
ployes, as shown in the efficiency tests which are made 
regularly. These tests cover the work of both officers — 
and the rank and file. 

The records for the first six months of. this year 
show that 23,390 tests were made in the use of signals, 
and 99.4 per cent of them showed employes living up 
to the strict letter of the rules. Over 10.000 tests were 
made with signals set at stop, and in only 13 cases did 
the trains fail to stop before passing the signal by so 
much as a foot. 
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Rotary Converters fo 
Charging 


The Illinois Central R. R. Co. has very recently 
installed a 30 k.w. converter of special design, known 
as the Martin converter, for charging storage batteries 
at their Weldon St. passenger coach yards. This new 
type of converter, which was described in the March, 
1914, number of the RatLtwaAy ELEcrrIcAL ENGINEER, 
contains many novel features which seem to adapt it par- 


Figs 1. The Panel to the 


View of the Converter and Switchboard. 
Right has Mounted on it the Starting Switches. 


ticularly to railroad service for storage battery yard 
charging systems, employing the constant potential 
method and for correcting power factor in large a. c. 
shop installations, and at the same time furnishing 
d. c. current for crane motors and variable speed tools. 

This converter, as installed at the Illinois Central 
yards, is a three-phase, 30 k.w. machine. Power is 
received from the main power house of the railroad at 
220 volts a. c. and a three-phase transformer mounted 
in the rear of the board, steps this potential down too 
the proper point at the collector rings to deliver 92 
volts at the commutator end of the converter. Several 
taps are brought of the transformer secondary wind- 
ing, so that the voltage delivered to the converter and 
consequently the terminal charging voltage, can be set 
‘at the proper value. 

It should be noted, however, as explained later, 
that the characteristics of the machine are such that 
there is no hand adjustment required, and that the 
voltage is maintained constant at this value provided 
the a. c. supply voltage is maintained constant. The 
voltage of 63 volts delivered at the three-phase slip 
rings of the converter produces a direct current voltage 
of 92 volts. This apparent paradox, which is typical 
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of the operation of all converters, is due to the fact 
that the three-phase alternating current voltage meas- 
ured by an a. c. volt meter is normally but .6421 of the 
maximum voltage of the d. c. supply line. In this ma- 
chine the ratio of alternating to the d. c. voltage varies 
from about .58 to .67, due to the compounding effect 
of the machine, so the d. c. voltage is maintained con- 
stant in spite of the c. r. drop in the armature. 


The Distribution System. 


The distribution system is laid out on a three-wire 
double potential system, having two circuits of 45 
volts each between positive and neutral and negative 


Erguice The 


Back View of the Same Board Shown in Fig. 1. 
Three-Phase Transformer Is Shown at the Further 
End of the Board. 


and neutral, and 90 volts over all. The power house 
is located near the center of the distribution system, 
and a main feeder line runs throughout the length of 
the yard. The positive feeder is carried directly to the 
south end of the yard, and the charging outlets tapped 
off on the return route, and the negative terminal car- 
ried to the north end of the yard, and similarly the 
charging outlets are tapped off at the return route. 
The neutral wire, on the other hand, feeds direct from 
the power house toward both ends of the yard. This 
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gives a constant potential system, both for the over 
all voltages between positive and negative, and the 
half circuit voltage between positive and neutral, or 
negative and neutral. 

The main feeders are carried on overhead pole lines 
and a 45-volt charging circuit is lead off to under 
ground cross feeders at each pole. These cross feeders 
are tapped off alternately on the positive and negative 
side of the neutral, so as to balance the load and at 
the same time make it possible to obtain a 90-volt 
charging circuit for charging a 60-volt car by means 
of a double connector, having one wire run to the 
positive terminal of one charging outlet, and another 
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Fig. 3. 


Diagrammatic Sketch of a Two-Pole Rotary Converter 
Carrying an Entirely Unbalanced Load. 


wire running to the negative terminal of an adjacent 
outlet, either up or down the yard. 

The transformer shown mounted on the rear of the 
panel board, Fig. 1, has the secondary coils star connect- 
ed and the ntutral wire of the 45-90-volt d. c. yard charg- 
ing system is carried direct to the neutral point of the 
transformer star connection. The operation of this 
feature of the installation is very interesting. 

Fig. 3 is a diagrammatic sketch of a two pole rotary 
converter, which is loaded only on one side of the cir- 
cuit, thus unbalancing the load. By following the 
arrows in the sketch jt will be noticed that the cur- 
rent flows from the positive brush through the battery 
load to the neutral of the d. c. system, to the neutral 
of the star wound transformer. It then distributes 
itself through the three phases of the transformer and 
passes back through the slip rings into the armature. 
A 150% unbalanced load will not injure the machine 
nor seriously affect its operation. 


The Converter. 


This converter is of special design, and is known 
as the Martin rotary. It is manufactured by the 
Northwestern Electric Co., of Chicago. Although 
there are many features about it which give it very 
desirable characteristics, it is simply a modified rotary 
converter, so designed as to make it as near fool-proof 
as possible. 

One of the principal features consists of a magnetic 
dampening ring inside of the pole pieces, which will 
prevent high voltages being induced in the field coils on 
starting. It might seem that this dampening ring, which 
is simply a series of punchings made up in the form of 
a hollow cylinder, would magnetically short circuit 
the fields of the rotary. On starting there is a heavy 
leakage of magnetic lines between the poles through 
the dampening ring, but when the machine gets up to 
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speed this leakage is lessened. On either side of each 
pole slots are milled about half way through this ring, 
which tends to concentrate the flux emanating from 
the poles. If a machine is designed to be run at no 
load for a considerable portion of the time shunt wind- 
ings are placed around the dampening ring to cut 
down the magnetic leakage, but when a machine is to 
be run loaded, except during the starting period, these 
shunt windings are eliminated and only series wind- 
ings are placed around the dampening rings. 

Fig. 4 shows a wiring diagram and section of a con- 
verter used for battery charging. As has been noted 
the dampening ring is slotted on both sides of the 
pole, and the series coils “B” are placed midway be- 
tween the poles around the dampening ring. The direct 
current voltage increases with the effective width of the 
pole piece. These series coils control this effective 
breadth, for as the d. c. current increases the tips 
which lie on either side of the series coil are energized. 
Copper bars are embedded in the stator iron, forming 
a squirrel cage winding. Those bars of the squirrel 
cage winding which lie under the center of the pole 
pieces are replaced with iron conductors to increase 
the magnetic density of the center of the pole. This 
squirrel cage winding enables the machine to be start- 
ed as an induction motor, and also prevents the ma- 
chine from hunting during its operation. The compen- 
sating windings take the place of the original interpole 


Fig. 4. Wiring Diagram and Section of a Three-Phase Rotary 
Converter Such as Is Used in Battery Charging. ‘‘N’’?’ Shows 
the Pole Breadth at Full Load; and “M” at No Load. 


of the direct current generator, that is, they keep the 
magnetic field of the machine from shifting under heavy 
load, and provide sparkless commutation. 

_ The converter is started as an ordinary three-phase 
induction motor, or where a single phase converter is 
employed this is started as an inverted repulsion a. c. 
motor. This is done by short circuiting the fields on 
starting and applying line voltage to the brushes on 
the armature. Within two or three seconds after clos- 
ing the switch it rises to synchronous speed, and this 
is indicated by the rise in d. c. voltage, as indicated 
on the d. c. volt meter. The starting switch is then 
thrown to the running position, and the converter then 
operates at synchronous speed, either three-phase or 
single phase, as the case may be. 

_ When overcompounding of the direct current charg- 
ing system is required, to make up for line loss in the 
yard charging system, etc., this may be provided by 
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simply adding more series turns of wire over the coils 
“B” and the charging current passed through these 
coils, and at the same time placing the proper amount 
of inductance in the a. c. line. The compensating and 
starting coils are shaped so as to assist each other in 
regulating the machine. The spreading of the pole 
from the load current in the dampening ring winding 
maintains the d. c. voltage constant or increase, it de- 
pending upon the design, thereby making it unneces- 
sary to work the pole pieces at a high magnetic dens- 
ity. Semi-closed skewed slots are employed in the 
armature to insure quiet running. In addition to the 
other special features of this machine it is provided 
with a new type of forced ventilation, which reduces 
the heating effect on overload, and accordingly im- 
proves the efficiency. 

Where it is desired to have an adjustable d. c. volt- 
age this can be accomplished by bringing several ter- 
minals from the secondary of the transformer to the 
base of the panel board, and by this means the d. c. 
voltage delivered to the rotary may be adjusted to the 
desired value. When a three-phase machine is em- 
ployed three sets of transformer terminals will, of 
course, be brought to the panel board, and in making 
voltage adjustment the three connections should be 
adjusted to the same distance so that all phases in the 
converter will be at the same voltage. 


Efficiency. 


As is well.known, the rotary converter is consider- 
ably more efficient than a motor generator set, on ac- 
count of the fact that it has but one armature winding 
and one set of field coils, and because of the fact that 
but one armature is used, and motor and generator re- 
actions tend to neutralize each other. Following is a 
series of tests made by the Commonwealth Edison 
Co., of Chicago, on this type of equipment. 


Efficiemcy Tests 


MAcHINE UNDER TEST. 


One 35 K.W. Martin rotary converter and one 10 K.W. Martin 
rotary converter, used to supply direct current for battery 
charging service. The rotaries are operated on 220 volt, 3-phase 
system, delivering D. C. energy at 95 to 125 volts, the pressure 
being varied by means of a selector switch, which changes 
pressure taps in the transformer. Test was made to determine 
the commercial efficiency of these rotary converters in present 
conditions of operation. 


Rotary Unover TEst. 
35 K.W. 1,200 R.P.M. Martin rotary converter No. 1176. 


First READING. 


Power required to operate rotary without D. C. load, 3,840 
watts. 


t 


First TEstT. 
A.C. power input, 36 K.W. 
= 844%, 
D.C. power output, 30.4 K.W. 36 efficiency 
D.C. pressure, 98 volts. 
Pe resistance adjusted to give unity power factor at full 
oad. 
SEconp TEST. 
A.C. power input, 36 K.W. 30.38 
= 84.4% 


efficiency 


D.C. power output, 30.38 K.W. 36 
D.C. pressure, 98 volts. 
Field resistance adjusted to give unity power factor 


load. 


at full 


Tuirp Test. 


A.C. power input, 40.8 K.W. 34.18 
eh hy 


efficiency 


D.C. power output, 30.38 K.W. 36 
D.C. pressure, 96 volts. 


ihe resistance adjusted to give unity power factor at full 
oad. 
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Fourtu TEsT. 


A.C, power input, 39.6 K.W. 34.5 


= 87.1% 
D.C. power output, 34.5 K.W. 39.6 efficiency 

D.C. pressure, 114 volts. 
_ In this test field resistance was cut out, giving a capacity effect 
in A.C. receiving circuit. 


Firta Test. 


A.C. power input, 37.2 K.W. 31.88 


= 85.7% 
D.C. power output, 31.88 K.W. 37.2 efficiency 
D.C. pressure 97.5 volts. 
In this test, field resistance was cut out, giving a capacity 
effect in A.C. receiving circuit. 


Syecmee dhoctie 


A.C. power input, 40.8 K.W. 34.31 


= 84% 
D.C. power output, 34.31 K.W. 40.8 efficiency 
D.C. pressure, 94 volts. 
Field resistance was cut out, giving a capacity effect in A.C. 
receiving circuit. 
SEVENTH TEST. 


Machine with half load, 
A.C. power input, 22.8 K.W. 18.685 


= 81% 
D.C. power output, 18.685 K.W. 22.8 efficiency 
D.C. pressure 101 volts. 

Field resistance cut out, same as previous tests. 


E1icHtH TEst. 
Machine with quarter load, 
A.C. power input, 13.2 K.W. 10.08 
= 76.3% 
13.2 efficiency 


D.C. power output, 10.08 K.W. 
; D.C. pressure, 104 volts. 
Field resistance cut out, same as previous tests. 
Rotary UNper TEsT. 
10 K.W. 1,800 R.P.M. Martin rotary converter No. 1177. 
; First READING. 
Power required to operate rotary with D. C. load 1,080 watts. 
First TEst. 


A.C. power input, 10.2 K.W. 


= 79.3% 
D.C. power output, 8.094 K.W. 10.2 efficiency 


D.C. pressure, 92.5 volts. 


SECOND TEST. 


A.C. power input, 12 K.W. 9.57 


=== ON 
D.C. power output, 9.57 K.W. 12. efficiency 


D.C. pressure, 110 volts. 


Tuirp TEST. 


A.C. power input, 12.48 K.W. 10.01 
= 80% 


12.48 efficiency 


D.C. power output, 10.0 K.W. 
D.C. pressure, 110 volts. 


FourtH TEst. 


A.C. power input, 7.2 K.W. 5.47 
== 169% 
D.C. power output, 5.47 K.W. 7.2 efficiency 
D.C. pressure, 119 volts. 
FrrtH TEstT. 
A.C. power input, 4.45 K.W. 3.075 
= 69% 


D.C. power output, 3.075 K.W. 
D.C. pressure, 123 volts. 


Field resistance adjusted for unity power factor at full load 
in all of these tests. 


4.45 efficiency 


Power Factor Correction. 


In many of the most recent large shop installations 
a synchronous motor generator set or converter is em- 
ployed to correct the power factor and maintain it at 
approximately unity value, thereby eliminating watt- 
less current, heat effect, power loss through the gen- 
erator, transmission line, transformer motors, etc. At 
the same time this furnishes a very convenient supply 
of direct current for operating cranes, motors and 
variable speed tools. It would seem that with the 
higher efficiency of this rotary converter, in which the 
usual difficulties of high voltage, hunting, starting, 
etc., are eliminated, this type of a converter should 
find a wide application in this field. 
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ocomotive Coacl! 


> 


Petrol-Electric 


There is just being completed in the Midland Rail- 
way Coach & Wagon Company’s works, Birmingham, 
England, a 200 h. p. petrol-electric locomotive coach 
which is being built by the Thomas Transmission Co., 
Ltd., to the order of the New Zealand government. 

This is described by the Railway Engineer as being 
built for the 3 ft. 6 in. gauge, and in the tests which 
were recently made upon it, pushed empty and loaded 
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motor, drives the second bogie electrically. It is clear, there- 
fore, that there is a mechanical drive to the first bogie and 
an electrical drive to the second bogie. 


The next operation is to gradually increase the speed of 
the large sun wheel until it reaches the engine speed, so 
that the gearing can be locked solid by means of the clutch 
F, and a direct drive obtained for top speed. 


This speeding up of the large sun wheel from half speed to 
top speed is obtained by changing the functions of the two 


. oe 


A Engine Drive to B Planetary Gear Casing. 
E. Magnetic Clutch for Free Wheeling Purposes. 


C Electric Machine Connected to Small Sun Wheel. 


D Mechanical Drive to First Bogie. 


F Magnetic Clutch for Direct Drive at Top Speed. 


G Second Electrical Machine Driving Second Bogie. 


coal trucks, the gross load aggregating 120 tons. This 
performance was considered satisfactory in view of 
the fact that the machine is geared for a top speed of 
40 m.p.h. On traveling alone it showed ‘a very high 
acceleration, reaching a speed of 20 m.p.h. on the 120 
yards of available ttack. 

In the accompanying diagramatical sketch the prin- 
cipal units of the equipment are shown. This can best 
be described in the maker’s own words. 


The engine driving shaft A is permanently connected to 
the casing B of the planetary gearing. This casing carries a 
set of planet wheels on two spindles which are supported in 
roller bearings in the sides of the casing. Each spindle has 
rigidly fixed to it two planet wheels of different diameters, 
and these in turn mesh with two sun wheels. The larger sun 
wheel drives the outside axle of one bogie through the free- 
wheeling magnetic clutch E and the driving shaft D. The 
final drive to the axle is by means of a bevel and spur re- 
duction. The smaller sun wheel is connected direct to the 
armature of the first electrical machine C, and a _ second 
magnetic clutch F is provided for locking the planetary 
gearing. 

The second electrical machine.G is located on the oppo- 
site side of the engine, and drives the outside axle of the 
second bogie by means of a cardan shaft and a bevel and 
spur reduction, as in the case of the first bogie. 

In order to start the engine the clutch E is disengaged 
and the clutch F engaged. This locks the gearing, and the 
first electrical machine C is thus locked solid with the en- 
gine, so that when the battery provided for the purpose is 
connected across the series machine C the engine is caused 
to rotate and starts up. 

In order to understand the action of the gearing, let it be 
assumed that both clutches are disengaged. When the en- 
gine drives the casing B a differential action is set up be- 
tween the large sun wheel and the small sun wheel. The 
large sun wheel tends to rotate forwards in the same direc- 
tion as the engine and the small sun wheel tends to rotate 
backwards in the opposite direction to the engine. If the 
clutch E is engaged then the large sun wheel will be held 
stationary as it is connected direct to the load, and as the 
small sun wheel is free it will rotate backwards at about the 
same speed as the engine rotates forwards. If current be 
taken from the machine C the motion of the small sun wheel 
will be retarded, so that the large sun wheel. i. e., the load, 
must begin to move. By manipulation of the field of the 
machine C this action can be continued until the small sun 
wheel is practically brought to rest. and the large sun wheel 
caused to rotate at about half engine speed. 


During this initial period the current from the machine C 
is transmitted to the second machine G, which, acting as a 
electrical machines and causing G to act as a generator and 
supply current to C as a motor, driving the latter in the 
same direction as the engine. This operation is a gradual 
one, and is carried out by manipulation of the field of the 
machine G. When the sun wheels and the casing have 
reached a common speed the magnetic clutch F is engaged, 
so that the electrical transmission is cut out altogether and 
a direct drive obtained from the engine to the first bogie. 


When the vehicle is traveling on top speed the two elec- 
trical machines C and G are inoperative and can be used for 
any useful purpose. It is convenient to use them at this stage 
for charging the battery, which is used for starting up the 
engine and lighting the vehicle. It must be pointed out 
that this battery is never used at any time for assisting in 
the propulsion of the vehicle. 


As the vehicle has to travel equally well in either direc- 
tion it is necessary to provide a reversible engine, but for 
shunting and reversing for very short distances an emer- 
gency reverse is provided, which works in the following 
manner: The clutch E is disengaged and the clutch F en- 
gaged, so that the machine C is locked solid with the en- 
gine. Current is then taken from this machine as a genera- 
tor to the second machine G acting as a motor with a re- 
versed field, and the vehicle driven purely electrically from 
the second bogie in the opposite direction. 


Electrification in Boston District Recommended. 


W. B. Bennett, engineer of the Wisconsin Rail- 
road Commission, makes some comprehensive recom- 
mendations for the electrification of railroad lines 
centering in the district of Boston, in a report fol- 
lowing and investigation of the transportation facili- 
ties in the metropolitan district of this city. The 
roads considered would be Sangus and Medford 
branches of the Boston & Maine, and the West 
Rocksbury branches of the New Haven, besides the 
Newton circuit of the Boston & Albany. 


Under the plan proposed, through steam trains 
might still be operated on the railroads, while local 
trains which make frequent suburban stops would 
be operated by electricity. About $15,000,000 will be 
required to carry out the plan suggested. 
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Speed Control of Induce 
tion Motors 


By J. Hl. Wickman 
Ninth Article. 


The best and only practical type of polyphase motor 
that will operate at variable speeds, with the excep- 
tion of the two-speed motors which have been de- 
scribed in previous lessons, is the slip-ring motor hav- 
ing a wound rotor. The method of starting induction 
motors as described in the July issue is too uneco- 
nomical to be used as a means of speed variation. 
Inserting resistance in the primary cuts down the 
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Induction Motor by Inserting Resistance in the Rotor. The 
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starting current but this method is not suitable for 
speed regulation as there is a certain critical speed at 
which the torque is not great enough to carry the load 
and the motor will stop. The use of an auto-transformer 
is more economical but is open to the same objection 
as using resistance. The most practical way to vary 
the speed is to insert resistance in the rotor circuit. 
When the switch is closed, completing the primary 
circuit of a polyphase induction motor, the. current 
which then flows in these windings sets up a rotating 
magnetic field. This magnetic field cutting the wind- 
ings of the rotor induces a secondary voltage in it in 
the same way that a secondary voltage is induced in 
a transformer. When the rotor is running at synchro- 
nous speed there is no voltage induced in the rotor, 
so no power can be delivered by the shaft, as soon as 
the rotor begins to slip, however, current will flow 
in the rotor and power will be delivered to it. So the 
greater the slip of the shaft, the greater the induced 
voltage, and according to Ohms law the greater the 
current that will flow. It naturally follows that the 
more resistance present in the rotor the greater will 
be the slip for more voltage will be required to drive 


full load current through the rotor. Obviously then, 
the motor that would have the greatest torque for 
starting would be the one having the most rotor re- 
sistance. ‘To illustrate, if the slip is 10 per cent with a 
certain resistance it will be 80 per cent with three 
times that resistance, providing all other operating 
characteristics remain the same. The torque of an 
induction motor is constant regardless of the resist- 
ance in the rotor. The only disadvantage of this method 
is that power is lost in the resistance. The principle 
of operation of a motor which 1s started and controlled 
by inserting external resistance in the rotor may be 
better understood by referring to Fig. 21. 

The several single pole switches numbered 1, 2, 8, 
etc., up to 12;.and the main primary switch are all 
opened when the motor is stopped. It is started as 
follows: Close the primary supply switch, after the 
motor begins to rotate close the several small switches 
consecutively in the order of their numbers: As will 
be seen from following out the windings each small 
switch cuts out a portion of the external resistance, 
switches 10, 11 and 12 cutting out all the resistance. 
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Fig. 22. Type of Motor Starter Used for Reversing Motors. The 


Shaded Portions Are the Contact Plates. 


The slowest speed would be obtained with all the sec- 
ondary switches open, a faster speed with switches 
1, 2 and 3. closed, 4 5 and 6, 7, 8 and 9: each: being 
progressively faster, and 10, 11 and 12 being the fast- 
est. 

Another method of speed control would be to cut 
the external resistance out of one phase altogether and 
then vary the speed from intermediate to full speed 
by controlling the resistance in the other two phases. 
This method is not recommended, however, as it re- 
sults in a very poor power factor and poor efficiency. 
It finds its principal application for laboratory and 
experimental purposes. 


Application of A. C. Motors to Variable Speed 
Machinery. 

Such machines as planers, cranes and lathes that 
require a variable speed drive are often equipped with 
this type of motor where alternating current only 1s 
accessible. It must be borne in mind that the varia- 
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tion in speed is only obtained by wasting the excess 
energy in external resistances, for a given torque at 
a low speed will require that same amount of power 
as for full speed. For this reason it is considered good 
practice with shop men to install gearing for use with 
this type of machinery so that the intermediate speeds 
can be obtained while the motor is running at its most 
efficient speed. In such cases where direct current is 
available the series-wound motor will be found more 
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Fig. 23. Carbon Pile Speed Controller Which Varies the Speed of 
the Motor by Inserting Resistance in the Secondary Circuit. 


applicable to crane service where a great many short 
lifts have to be made. Compound wound direct cur- 
rent motors with an adjustable shunt field will be 
found to give better service for planers and slotters if 
an alternating current motor could not be run at its 
maximum speed most of the time. 


Variable Speed Reversing Motors. 


Around railroad shops where alternating current is 
used exclusively and it is necessary to run cranes, 
turn-tables, elevators, hoists and other machinery that 
must run in either direction, a special type of controller 
must be used. In a three-phase motor, to reverse the 
direction of rotation it is only necessary to reverse two 
of the primary connections. 


The type of controllers built by several large manu- 
facturers for reversing motors resembles a common 
street car controller in external appearance. A con- 
troller of this type is shown diagrammatically in Fig. 
22. ‘This shows the complete wiring connections that 
are used with a low voltage drum type controller. The 
cross-sectioned portions represent the contact plates. 
Those at the bottom switch the primary circuit so 
that the motor will run in either direction, depending 
on which way the controller handle is moved. These 
contact plates are so placed that the speed will be the 
same in No. 1 operating position whether the motor 
is running forward or backward. In fact the starting 
and operating characteristics are the same for opera- 
tion in either direction. 


This type of controller requires a minimum amount 
of repairing, the chief wearing parts being the con- 
tact fingers and plates. As these become worn they 
can either be smoothed up with a file or replaced. 


Vola, NOw as 


Carbon Pile Controllers. 


Another type of controller that regulates speed by 
varying the secondary resistance and extensively used 
for the control of slip-ring motors is the Type W Con- 
troller made by the Allen-Bradley Co. This has given 
very good results. The primary reversing switch and 
the secondary resistance, consisting of piles of carbon 
discs, are all mounted in a compact iron case. 

When the operating handle is thrown into either 
the forward or backward operating position the cor- 
rect primary connections are made and if the handle 
is thrown to the more extreme position the carbon 
discs are compressed which reduces the resistance of 
the secondary and allows the motor to come up to full 
speed. 

The wiring diagram shown in Fig. 23 shows this 
type of eontroller. The advantage of this over the 
one shown in Fig. 22 is in its simplicity, cost of in- 
stallation and smooth control. The speed can be 
varied to any value within the range of its operation 
by properly adjusting the pressure on the carbon piles. 


Centrifugal Force 


Combined Rotor and Starting Element. 
Acting on the Carbon Piles in the Spokes of the Pulley, Cuts Out 
the Rotor Resistance as the Speed of the Machine Increases. 


Fig. 24. 


New Type of Automatic Starting Motor. 


Before leaving the subject of A. C. motors and 
starters it is fitting to say a word about a new type 
of motor which contains an automatic starting ele- 
ment. Simply closing a line switch is all that is nec- 
essary to start this motor. 

The rotor of the motor is phase-wound similar to 
other slip-ring motors except that in the place of slip- 
rings and brushes a starting device is built as part of 
the rotor. This consists of three carbon piles which are 
connected into the rotor circuit. The pressure on these 
carbon piles is automatically controlled. 

Fig. 24 shows the rotor and starter. It will be noted 
that the three ends of the rotor winding are brought 
out to the three insulated carbon piles. As the rotor 
begins to rotate, centrifugal force compresses the car- 
bon piles and decreases the secondary resistance thus 
bringing the motor up to speed evenly and gradually. 
Some of the advantages of this type of starter over 
the ordinary types of A. C. starters are as follows: 

1. Reduced installation costs. 

2. Can be operated on lighting circuit without se- 
vere voltage fluctuation. 

3. It is suitable for constant speed and for starting 
under heavy load. 

4. A “no-voltage” release is not required as it auto- 
matically sets itself for starting when it stops. 

d. It is adaptable for remote control work. 

6. Wiring simplicity. 

7. No external resistance required. 

8. Low maintenance cost. 
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The Principles of Alternating 


Currer 
Williard Doud 
Fifth Article. 


Capacity. 


Capacity is a measure of the energy which a circuit 
is capable of storing when a certain pressure is exert- 
ed on it. When an alternating current flows through 
a conductor which is capable of storing energy, the 
back voltage due to the stored energy will continually 
oppose the impressed voltage. The net result in the 
circuit is a current of lesser value, the E.M.F. or volt- 
age values of which do not correspond with those of 
the current, but lag behind them, or as is usually 
said the current leads the voltage. 

Capacity may be illustrated in a hydraulic circuit 
by means of an elastic diaphragm placed in a cham- 
ber, the two ends of which are connected to a piping 
system and pump. Such an arrangement is shown in 
Fig. 20. 

If pressure is applied on one side of the piping as 
indicated by the arrow, the current will flow into the 


Generovor. 


Condensers 


— 


Llosiice Deohragm tn Chomber 


Fig. 20. An Elastic Diaphragm Placed in a Chamber the Two Ends 
of Which Are Connected to a Pumpbd Through a Piping 
System, Illustrating Capacity. Small Sketch in Center 
Shows a Similar Electric Circuit. 


chamber until the elastic diaphragm is distended suf- 
ficiently to produce a back pressure equal to that of 
the line pressure at which point no additional current 
will flow. 

If the chamber could be removed from the pipe line 
in this conditions the piping leading to the two sides 
being closed off tightly with suitable valves, the cham- 
ber would retain its pressure which would be released 
if the ends of the pipes were connected together and 
the valves opened. 

An electric condenser acts in a similar manner when 
a voltage is impressed across its terminals. A charge 
accumulates in the condenser until its back pressure 
is equal to the voltage in the circuit to which it is 
connected. Disconnected from the line it retains its 
energy which will be discharged and equalized if the 
ends of the circuit are connected together with a con- 
ductor. When an alternating current is applied to 
the condenser or chamber in the hydraulic circuit the 
current will flow very rapidly into the chamber until 


the counter pressure due to the distended diaphragm 
begins to oppose the flow. Thus it will be seen that 
the current will flow rapidly while the pressure is low 
and a smaller flow when the pressure is maximum 
because at this point the diaphragm is already tightly 
distended. The maximum current precedes the max- 
imum pressure, and a leading current is the result. 
_ The flow and discharge of an alternating current 
into and out of a condenser in a circuit follows exact- 
ly the procedure outlined above. 

Phase displacement of the current from the voltage 
results in wattless or idle power and the use of the 
elastic diaphragm and chamber shows very clearly 
how the power delivered to a condenser returns to 


Fig. 21. Curves Showing the Relation of the Different Voltages in 


a Circuit Containing Capacity. 


assist the movement of the piston in the opposite di- 
rection. 

The action of a condenser on an electric current 
which is displaced from the voltage is to produce a 
motor action on the generator, during part of the cycle 
and to absorb an equal amount of power in the other 
half of the cycle, thus requiring less power for its 
operation. So in this way a generator may be deliv- 
ering full load current at the proper voltage and still 
be delivering but little or no power for the reason that 
most of the power delivered by the generator is re- 
turned during the same cycle. 

Fig. 21 is a series of curves showing the effect of 
capacity or condenser reaction in an alternating cur- 
rent circuit. 

Curve No. 1 represents the voltage or E.M.F. con- 
sumed in resistance. Curve No. 2 is the counter 
E.M.F. of the capacity or condenser reaction and curve 
No. 3 is the total voltage impressed on the-circuit. In 
this case as with the circuit containing inductance the 
current is in phase with the voltage consumed in re- 
sistance and has values proportional to same. 

A study of the curves shows that No. 1 leads curves 
No. 3 and has a lesser value and differs in phase, or 
step. Curve No. 2 lags behind both curves No. 1 and 
No. 3 and has lower values. 

Concerning condensive or capacity effect it may be 
said that with this condition present in a circuit, the 
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current leads the voltage and therefore differs from 
inductive effect in which the current lags behind the 
impressed voltage. In contending with capacity and 
inductance in an alternating current circuit the watt- 
less or idle currents resulting from these influences, 
are passing through the circuit and reduce the ability 
of the generating unit to handle its full rated load 
since a certain portion of the conducting medium of 
the circuit and generating coils must be utilized for 
carrying these idle currents. Fortunately these ef- 
fects counteract one another so by properly propor- 
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The New York Electric Car 
Liginting Association 


On May 27, 1915, a large number of car lighting 
men located in New York City and vicinity met in the 
rooms of the American Society of Mechanical Enei- 
neers and organized the “New-York HElectre Gar 
Lighting Association.” The organization starts out 
with a charter membership of 60, and it is expected 
that this will reach the 200 mark before the annual 
meeting, which is to be held the first Tuesday in Oc- 
tober. 


It is stated by the secretary that the object of this 
association is the advancement of knowledge concern- 
ing the principles, construction, repair and service of 
railway electric car lighting equipment by discussion, 
exchange of information, investigations and reports 
of the experiences of its members; and to provide an 
organization to which the members may agree on 
such joint action as may be required or desirable to 
give the greatest efficiency to railway lighting equip- 
ment intrusted in their care. 

titine June meeting of the club the subject for dis- 
cussion was “Battery Current Regulation versus Cur- 
rent Regulation for Axle Lighting. i» Thessmeeting 
was poorly attended on account of inclement weather, 
so the subject was not very thoroughly discussed, and 
same was placed on the table for another meeting. 
The-subject of the meeting.for July 6 sweeeerepe: 
Maintenance and Applying of Belts and Alignment 
of Generators.” 

The officers of the association are as follows: G: 
Wall of the Lackawanna R. R., president; F. C. Dun- 
lap, Pullman Co., first vice-president; H. Sunderland, 
New York Central R. R., second vice-president ;-A. J. 
Prettyman, Grand Centrale Terminal Co., secretary; 
dT. C. Case; Grand Central TVerminal iCe. perevaurer 
The executive committee consists of the officers and 
following men: C. Dobbs, Penn. R. R.;3Mr. Harper, 
Pullman Co.; J. Scudder,. Grand Central Terminal 


WO a ieitere New York Central R. R. 


The dues of the association are $1 per year, includ- 
ing active, associate and supply men. The regular 
meetings of the club are to be held on the first Tues- 
day of every month and it is hoped that all car light- 
ing men in the vicinity of New York will become ac- 
tive members of the club. 
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tioning induetanece and capacity their effects can be 
almost entirely eliminated. 

Since the etfect of wattless current is to reduce the 
ability of an alternating current circuit to perform 
useful work, it has an important bearing on size of the 
conductors and generators required for a given serv- 
ice. It is evident, therefore, that some method must 
be available to determine the relation of useful to 
wattless or idle current and its measurement and this 
phase of the situation will receive our attention in the 
next installment. 
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Edison Storage Battery 
Questions 
Continued from last month 


Gravity of the Situa‘ion. 


Q. 27. What will happen if the gravity of the solution is 
allowed to go too high or too low, either due to overflushing 
or lack of flushing or other causes? 


Ans. 27. If the level of the solution is allowed to 
get below the top of the plates this will both increase 
the resistance of the cell and the current density over 
the surface of the plate. This will cause injurious heat- 
ing of the cell which may even become high enough to 
fuse the plates if the level of the electrolyte falls to 
within an inch or so of the bottom of the cell. 

The cause of too strong electrolyte can only be 
flushing with electrolyte instead of distilléd water to 
replace evaporation. It will be found strong also, 
however, if measured with solution below the proper 
level. Strong electrolyte has a tendency to lower the 
voltage of discharge, and it may also set up strains 
in the active material that will tend to burst the tubes 
of the positive plates. 

If the gravity of the solution 1s allowed to get too 
low either because of improper flushing or because the 
battery is allowed to go too long before renewing the 
solution it will cause the internal resistance of the 
battery to be higher than normal and this will cause 
undue heating in the battery and also prevent the 
battery from delivering its full voltage and full capac- 
ity. There will be no injurious chemical effect of this 
weak electrolyte on the plates, however. 


Normal Rate. 
©. 28. What is the normal rate of the standard A-8-H 
train lighting battery? 
Ans. 28. ~The normal current rate for the standard 
A-8-H train lighting cells is 60 amperes. 


Effect of Low Rate Charging. 


Q. 29. What is the effect of charging the battery at a low 
rate,-and what is the lowest rate that may be employed with 
good results? 


Ans. 29. The battery should be charged at % nor- 
mal rate or above, particularly at the beginning of 


charge. For the standard car lighting battery, the 
A-8-H size, this will require a charging current of at 
least 40 amperes. If the battery is charged at a rate 
lower than this, the voltage on discharge will be uni- 
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formly low throughout the entire discharge. If lamp 
load is small this will be compensated for by the 
smaller drop. i 
Q. 30. Can the battery be brought up to full capacity by 
charging at a low rate? J ke 
Ans. 30. It is true that the battery can be brought 


up to full capacity in ampere hours by charging at the 
low rate as is done in signal work. The charging volt- 
age under these conditions will be low and, as ex- 
plained in the above problem, the discharge voltage 
will be correspondingly low. While this may be sat- 
isfactory for signal work where voltage is not so 1m- 
portant a factor as current and total power available, 
it is of far greater importance in car lighting work, 
where a high discharge voltage is desirable. 


Axle Lighting System Best Adapted to Edison 
Battery. 


Q. 31. Since the Edison car lighting battery should be 
charged at at least 40 amperes, particularly at the beginning 
of charge, what methods of charging with an axle lighting 
system is to be preferred, that is, is it better to employ 
constant generator current regulation, battery current regu- 
lation, or constant potential regulation? 
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Gould Simplex System—Dis-= 
mantling the Generator 


Removing the Armature. 


If it is desired to simply remove the armature so 


as to get at the field coils or some other internal parts 
of the machine, it is not necessary to remove the 
pulley end housing from the armature shaft, in which 
case the six cap screws of the pulley end housing 
should be removed, but the nuts of the bearing plate 
should not be disturbed. 

The commutator end inspection plate should then 
be removed and the hollow wrench screwed into the 


Fig. 212. Generator with Pulley End Housing Removed. After 
Removing the Six Cap Screws, and the Six Bearing Plate Nuts, 
Two of Them Are Screwed Into the Head at the Points “J” 

So the Head Can Be Forced Off. 
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Ans. 31. In order to answer this question we must 
for a minute consider the principles of the three meth- 
ods of axle generator battery charging. 

Where the regulator controls the generator output 
to constant value, the battery charging current 1s sim- 
ply the difference between current used by the lamps 
and the total generator current. If all lamps are 
turned. on, the current to the battery will either be 
very low or in some cases there might even be a slight 
discharge from the battery. On the other hand, if all 
lamps are off, the current to battery may be very heavy, 
for it will then receive the total generator output. 

With the constant battery current regulator the cur- 
rent flowing to the battery is maintained at a definite 
fixed value regardless of current required by the lamps, 
the total generator output increasing and decreasing 
as the lamps are turned on or off. 

With the combination current voltage regulator the 
battery current is at first controlled to constant value 
by the current regulator, but as the voltage on charge 
soon rises to the limit set by the voltage regulator the 
current begins to taper off and reaches a low value at 
the end of the charge. 
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Fig. 214. The Bearing Lock Nut and Bearing Plate After Having 


Been Cleaned. 


bushing of the bearing, as shown in view “F”, Fig. 
212. A few turns of the cap screws with a hand 
wrench will then force the armature shaft out of the 
tapered fit of the bearing and at the same time will 
force the pulley end housing off the other end of the 
machine. 

In case one of these hollow wrenches is not avail- 
able, the armature can be removed by screwing the 
two cap screws into the tapped holes JJ in the pulley 
end housing, but care should be taken not to screw 
these up too tight, as this would be hable to break a 
piece out of the housing at this point. After having 
tightened these cap screws until you have applied quite 
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a strain on the pulley end housing, with a block of 
hardwood and a hammer strike the commutator end 
of the shaft. With the strain already applied at the 
rear end housing by the cap screws, a few sharp blows 
applied at the commutator end of the shaft will be 
sufficient to start it out of the tapered fit of the 
bushing. 


To Remove the Armature from the Shaft. 


After the armature has been stripped free from the 
machine the shaft can be removed by first taking off 
the spring ring (21), Fig. 218, which is simply held 
in place by a groove in the shaft. The nut lock (22), 
with dowel pin (23), Fig. 218, can then be removed 
by screwing two pullers into place. If pullers are 
not available, machine screws of proper size will serve 
and the nut lock can then be pulled out with a pair 
of pliers, gripping the screws. ‘The castellated nut 
No. 24, Fig. 218, can then be unscrewed with an arma- 
ture nut wrench which is provided with prongs for 
fitting into the castellations of the nut and is squared 
at the outer end to receive a wrench. The shaft can 
then be removed from the armature in the ordinary 
way, by bumping it on end on the floor, and care 
should be used so as to strike square with the shaft 
perpendicular so as not to bend the shaft. 


Applying the Armature to the Shaft. 


The shaft should be pushed into the armature from 
the pulley end of the same; the shaft and armature are 
then tipped up vertically and then bumped on the floor 
until the armature is driven home against the shoulder 
on the armature shaft. 

The armature should be laid down so that the key 
in the shaft comes on top and the castellated nut 
should then be screwed on the shaft under the commu- 
tator turned up tight. Before turning this quite as 
far as possible, however, care should be taken to see 
that the keyway of the armature shaft lines up in one 
of the three positions as follows: 

(1) With a castellation directly in line with 
key, as shown in diagram “X,” Fig. 219. 

(2) With right edge of the key lined up with 
the left edge of the castellation, as shown 
in-diapram.)Y, hig 21): 

(3) With the left edge of the key lined up 
with the right edge of the castellation, as 
intdiagpram “2,7. Pige 219: 

If the castellated nut is not lined up in one of these 
three positions it will be impossible to apply the nut 
lock so that one of the keyways will fit over the key 
in the shaft and at the same time the dowel pin enter 
one of the castellations. The key holds the nut lock 
from turning on the shaft and the dowel pin keeps the 
castellated nut from turning under the nut lock; the 
nut lock in turn is held in place by the spring ring. 
It will be noted that there are three key ways in the 
nut lock and if the key lines up evenly with a castella- 
tion as in No. 1 above diagram “X,” Fig. 219, the nut 
lock should be applied, using the center keyway. If 
the castellated nut lines up as in No. 2 above, diagram 
“Y,” Fig. 219, use the left hand keyway. If the cas- 
tellated nut lines up as in No. 3, diagram “Z,” use the 
right hand keyway. 

For the benefit of the boys who are interested in 
learning why this is so we will go into further details: 
It will be noted that the castellations of a nut are the 
same width as the keyway and that the solid projec- 
tions of the nut are just twice the width of the key- 
way. In other words, there are three positions of a 
castellated nut in being turned from one castellation 


ViokeT.2 No, 3: 


to the other, as given under 1, 2 and 3 above, and as 
shown in positions “X,” “Y,” and “Z” of Fig, 214, 

If the castellated nut becomes tight at the position 
1, as in the diagram “X,” the nut lock can be applied 
by using the center keyway, in which case the dowel 
pin comes opposite the key in the shaft and in this 
position will enter the castellation as shown. 

For the purpose of illustrating this we will divide 
the castellated nut into 18 equal parts, of which six 
are castellations numbered 1 in the diagram, Fig. 214, 
and the other twelve are solid portions of the nut num- 
bered 2 and 3, as shown. It will be noted that while a 
castellation comes in every third position on the cas- 
tellated nut, the three keyways on the nut lock are set 
four positions apart. Assuming then that after hav- 
ing brought the castellated nut to the No. 1 position, 
it was found necessary to tighten it a little further so 
that the No. 2 position comes opposite the key as in the 
diagram “Y.” In order to have the dowel pin come 
into this castellation, the nut lock would also have to 
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Fig. 218. Sectional Diagram Through the Generator. 


be turned forward one division; but there is no key- 
way to fit the key in that position, for this would bring 
the keyway adjacent to another keyway, which would 
be no keyway at all, but-an open slot. Therefore, we 
jump three spaces into the next castellation, which 
is the fourth space away from the original position. 
Therefore, the keyways in the nut lock are set four 
spaces apart. 

If it is found, however, that one division does not 
sufficiently tighten the nut, so that it has to be moved 
so that position No. 3 is opposite the key as in dia- 
gram “Z,” this would mean that the castellated nut 
has been tightened two divisions from its original po- 
sition No. 1 diagram X. 

There is, of course, no keyway in the nut lock to cor- 
respond with advancing the dowel pin two divisions, 
but it will be noted that turning it back one division 
brings the dowel pin into a castellation. Therefore, if 
the nut lock is turned back to the left 4 divisions from 
its original position No. 1 diagram “X,” or 8 divisions 
from its second position “Y,” so that the right hand 
keyway of the nut lock slides over the key, the dowel 
pin will enter the castellation to the rear, as shown. 
It will be noted that the dowel pin is always opposite 
the center keyway on the nut lock. 


The Field Coils. 

When it becomes necessary to remove a generator 
field coil or pole piece this can very easily be done by 
first removing the armature, as explained before, and 
then disconnect the field leads. If all of the field coils 
are to be removed it will not be necessary to separate 
the connecting wires between the coils. It will be 
noted that there are two connectors, one in each of 
the out going field leads, which should be disconnect- 
ed in case all coils are to be removed. One male and 
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Fig. 219. i 
Over Shaft Key in Any One of Three Positions, and This Also Carries a Dowel Pin Which Slips Into a Castellation 


of the ArmatureNut and Prevents It from Turning and Working Loose. 


one female connector is placed on the field coil side 
and one female and one male connector on the external 
circuit side of the connection so that in reconnecting 
the field coils into circuit it will be impossible to con- 
nect them so as to give wrong polarity. 

The two large cap screws on the outside of the gen- 
erator frame which hold each pole piece in place 
should then be unscrewed. This allows the pole pieces 
and field coil to be removed from the frame. The field 
coil is then easily slipped from the pole pieces. 

In replacing field coils, it will be noticed that all 
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Quick Acting Foot Switch. 

In the May issue of the RatLway ELeEctTricAL ENGI- 
NEER a short article was given showing view of the large 
double lift bascule bridge at the Soo. A special quick 
brake foot switch designed by the writer for use in 
connection with this bridge may be of interest. Both 
leaves of the bridge are operated, each with two 40 
h. p. Westinghouse type “K” motors mechanically 
connected together and each motor is equipped with 
a spring brake solenoid release and both solenoids 
are in series and are connected on the first notch of 
the operating controller, as shown in Fig. 1. 

In closing the bridge both sides are, of course, low- 
ered and as they approach the zone of interference 
the power for the North Leaf is automatically cut 
off, while the South Leaf engages the jaws of the 
North, at which time the operator with a_ special 
foot switch is able to obtain current independent of 
the operating controller to release the motor brakes 
on the North leaf, at which time both leaves are 
brought to a closed position by the action of the 
‘ motors operating the South leaf. These foot switch- 
es originally installed by builders of the bridge were 
of very primitive design consisting simply of a round 
wooden drum mounted in two bearings with a count- 
erweight attached which served to open the circuit 
between the contacts mounted on the drum when the 
foot pressure was released. 

The actual current in these cylinders is but 5 am- 
peres, but the inductive effect is so great that when 
the circuit is broken an arc about 4 in. long forms 


Diagrams Illustrating the Method of Applying the Castellated Armature Nut.. 
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The Nut Lock Has 3 Keyways to Fit 


coils are wound with both leads extending beyond one 
end of the coil, thus forming a closed hair-pin. In 
applying, they are placed in the magnet frame so that 
the leads of coils extend alternatively toward the com- 
mutator and pulley ends, the leads of the lower right 
hand coil, when facing the commutator end, extending 
toward the commutator end. Adjacent leads are then 
connected, except the two on the right hand side, 
which are.brought out, the lead of the upper coil being 
equipped with a female connector and the lead of the 
lower coil with a male connector. 
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and this actually started to burn the wooden drum. 
In order to solve the difficulty an entirely new type 
of switch was designed by the writer as shown in 
the accompanying illustration, Fig. 2. One of these 
switches was made right handed and one left hand- 
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Fig. 1. Wiring Connections of the Quick Acting Switch. 
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ed to replace the wooden drum type switches. These 
new switches have been in service since navigation 
was opened this spring and have proved to be most 
satisfactory. 
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Fig. 2. Mechanical Details of the Quick Aciing Switch. 

It will be noted from the diagram, Fig. 2, that the 
link mechanism of the switches produce a quick act- 
ing break switch. The contact points of charge being 
carbon blocks are not injured by the flash of the arc 
on opening the circuit. 


J. G. Koppel, Elec. Supt. of Bridges, 


Equipping Old Generators with Ball Bearings. 

When ball bearings were first applied to car lighting 
generators, we realized that the advantages of low 
maintenance costs and greater reliability of the ball 
bearings would be equally desirable in existing equip- 
ment as in new equipment, and accordingly, at an 
early date, we endeavored to apply these bearings to 
some of our old machines. 

As is well known, the pulley end bearing gives much 
more trouble than the commutator end bearing does in 
generators equipped with plain sleeve bearings. On 
account of the fact that the belt pull comes directly on 
this bearing. In fact, a good bronze bearing on the 
commutator end of the machine will last two years or 
more if properly taken care of and the commutator 
end of the shaft lasts from 2 to 4 years. The pulley 
end bearing, however, is quite another story. 

We have adopted the scheme of making a new pul- 
ley end housing and applying a ball bearing to the 
pulley end of our old Bliss and Moskowitz machines 
as the bearings require renewing, but the commutator 
end bearing is not disturbed. This method of remodel- 
ing has been tried out extensively and more than 100 
generators are already equipped in this manner. 

The cost of making this change is small, since the 
change is not made unless the shaft and bearing at the 
pulley end are both worn out. It costs about 75c more 
to make a ball bearing shaft than it does to make a 
plain bearing shaft. The special head for the pulley end 
housing of the generator when made up in the shop 
costs about $5.25 and to this total figure of $6.00, the 
cost of the ball bearing would have to be added and 


from this total cost, the price of the pulley end bronze 
bearing should be deducted. 

In regard to the saving in maintenance costs by 
using a ball bearing at the pulley end; it has been our 
experience that the cost of bronze bearing replace- 
ments average about $4.25 per year and the wear on 
a bronze bearing shaft costs about $4.00 per year; 
these figures being exclusive of the labor cost for 
changing the bearing and shaft and also exclusive of 
the additional inspection and oiling required by a plain 
bearing. 

Many of the generators remodeled in this manner 
have been in service for more than two years, using 
self-aligning bearings and no bearing trouble whatever 
has been experienced. As to the probable life of ball 
bearings it has been my experience that they are in 
strictly first-class condition after two years of service 
and I am very firm in my belief that the cost of re- 
modeling an old car lighting generator and installing a 
ball bearing at the pulley end, will be saved in the first 
two years of use of the ball bearing. 

It is a great deal easier to tear down a machine for 
repairing the brush rig when it is equipped with a 
bronze bearing on the commutator than with a ball 
bearing. Therefore in some types of machines, in 
which the brush rig requires considerable inspection 
and repair, it is advisable to have a bronze bearing on 
the commutator end. In remodeling the dynamos, the 
ball bearings should be of the self-aligning type to 
allow for any inaccuracy in workmanship in making 
the change. 

S. W. Everett, Electrical Engineer, Santa Fe. 


Renewing Battery Crate on Car Lighting Batteries. 
It is sometimes necessary to make a quick replacement 
of a battery crate without dismantling the whole battery. 
This can be done as follows:. Remove the cross over 
wires, break the wooden crate from around the tanks, 
pour the proper mixture of sealing compound and paraf- 
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Process of Renewing Battery Crate. 


fine wax into the compartments of a new wooden crate, 
then place the cells complete in each compartment, re- 
place the cross over wires and the job is finished. 

This obviates the delay caused by removing the ele- 
ments in the lead lining and forcing the tank into the 
wooden compartment and there is no danger of injuring 
the tank by hammering on it with a wooden strip. The 
weight of the elements in the tank forces it into place 
and distributes the sealing compound between the tank 
and the wooden crate. 

Charles W. T. Stuart, Pennies 


Argentine Railway Extension. 

A new 71-mile railroad is to be constructed between 
Alvear to San Rafael, Argentina. The region traversed 
is said to be well irrigated and under intense cultivation. 
The system adopted is that of the so-called secondary 
railway with a 2.46 ft. gage. Steam traction will be 
used at first, but it is planned to electrify later. Work 
will be commenced in about six months. 
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Mr. E. S. M. Macnab. 


The many car lighting friends of Mr. E. S. M. Mac- 
nab, both in this country, Canada and across the water, 
will be pleased to learn of his recent appointment as 
engineer of electric car lighting of the Canadian Paci- 
pe Ra Ri: 

Mr. Macnab was born in Dublin, Ireland, in 1882, 
received a technical training at the Royal College of 


E. S. M. Macnab, 


Science, Dublin, and also at the Dublin Technical In- 
stitute. In 1900 he entered the service of the Midland 
Great Western Ry. Co. of Ireland as a special appren- 
tice and in 1905 was appointed general foreman of the 
passenger car shops, having charge of electric car 
lighting and he held this position until 1908. He then 
was in the employ of a supply house in Ireland pre- 
vious to entering the service of the Canadian Pacific 
R. R. in 1909 as electrician. In 1910 he was appointed 
electrical foreman of the car department at the Angus 
shops of the Canadian Pacific R. R. In 1911 he was 
appointed car lighting inspector and in June, 1915, en- 
gineer of electric car lighting, which position he now 
holds. . 


Car Lighting Notes. 


Mr. L. D. Smith, formerly battery foreman at the 
Chicago yards of the Rock Island, has been appointed 
foreman in charge of car lighting at the Kansas City 
Terminal, Kansas City, Mo. 

Mr. H. A. Copell has been appointed electrical fore- 
man of the New York, New Haven & Hartford R. R., 
located at Boston. 


H. H. Halm has resigned his position as engineer 
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of electrical operation with the Safety Car Heating 
and Lighting Co. to enter the automobile truck busi- 
ness. ‘Alter. September Ist he will be located with 
the Croce Automobile Manufacturing Co., at Asbury 
Parka Neate 


In Charge of Southwestern Territory. 


The Willard Storage Battery Company have re- 
cently appointed Mr. E. L. Myers to take entire charge 
of their railway sales and service in the Southwest. 


His broad experience in electrical work, and a thor- 
ough knowledge of railroad conditions in the section 
named should make Mr. Myers fully qualified for his 
new duties. 


Although born in Illinois, Mr. Myers has been west 
of the big river so many years that he seems to be- 
long there. Beginning back in 1888 as division line- 
man and construction foreman for the Western Union 
Telegraph Company and the Santa Fe R. R. Co. in 
California, he went to El Paso, Texas, in 1899, and 
worked for the telephone and electric light companies. 
From 1901 to 1909 he was construction foreman and 
general foreman for the Mexican Central Ry. Co. From 
1909 to 1918 he was chief electrician in charge of all 
electrical work on the entire system of the National 
Railways of Mexico. The unsettled conditions in 
that country brought him back to the United States, 
where he was with the C. G. W. R. R. Co. only a few 
months before the Willard Company recognized in 
him a valuable man for the storage battery field. 


Saurman Made Southeastern Manager. 


Mr. A. B. Saurman, who for the past twelve years 
has been Pacific Coast manager for the Standard Un- 
derground Cable Company, has been appointed south- 
eastern manager of the company, succeeding the late 
Mr. E. T. Hughes. Since 1893 he has been associated 
with the company, working up through the construc- 
tion department, into the eastern sales department. 
In 1900 he organized and was made manager of the 
northwestern sales department, where he remained 
for two years, when he was transferred to San Fran- 
cisco. This makes over twenty-one years that he has 
been actively associated with the company. 

Mr. J. P. Bell will succeed Mr. Saurman as Pacific 
Coast manager, and who, like Mr. Saurman, owes his 
advancement to merit, rather than favor. Mr. R. M. 
Hirst and Mr. Kershner will continue to be associated 
with Mr. Saurman, as formerly with the late Mr. 
Hughes. 


Mr. W. P. Cochran, formerly branch manager of 
the Westinghouse Electric & Mfg. Company at Balti- 
more, has been appointed assistant district manager 
of the Philadelphia district, including Baltimore, his 
headquarters being in former city. Mr. M. H. Tones, as- 
sistant to manager, will have charge of the Baltimore 
branch office. 
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Edison Storage Battery Co. Notes. 


Mr. Charles E. Poyer has been appointed Assistant 
General Sales Manager of the Edison Storage Battery 
Co. Mr. Poyer has been with the Edison interests for 
about four years, having served first on the personal 
engineering staff of Mr. Edison in the development of 
special application of the alkaline battery, and later as 
Assistant Advertising Manager. He has been Man- 
ager: of the House Lighting Dept. 
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Ampere Hour Meter Applied to Gould and Safety 
Equipments. 


It will be recalled that in previous descriptions of 
the use of the ampere hour meter for controlling bat- 
tery charge in axle types, the meter simply controls 
the operation of an auxiliary relay. On the L[llinois 
Central R. R., however, numerous equipment of both 
the Gould Simplex and the safety type “F” designs are 
controlled by an ampere hour meter without any aux- 
iliary relay whatever, the ampere hour meter simply 
short circuiting a segment of resistance in series with 
the modifying coil so as to decrease the resistance of 
the voltage modifying coil circuit about 12%, thereby 
making the coil operate so as to reduce the charging 
potential to 36 volts when the meter shows a full state 
of charge. Since the current through the modifying 
coil is only approximately one ampere, and since the 
voltage across the meter contact is never more than 
3 or 4 volts, the meter will undoubtedly give satisfac- 
tory service where operated in this manner. In fact, 
some equipments have been so operated for over a 
year. 

The Sangamo Electric Company, manufacturers of 
the ampere hour meter, advise that they are now 
building meters with a more substantial quick acting 
contact capable of handling considerable larger cur- 
rent at much higher voltage than is required in this 
service. They also advise that ampere hour meters 
can be furnished equipped with a thermo couple, mak- 
ing the meters very accurate on light load, in fact, 
having a constant creep to make up for battery losses 
standing on open circuit. 


Self-Starting Alternating Current Motors. 


Motor-driven tools in the shop must be controlled as 
simply as possible. The workman, the motor, and the 
machine can be fully protected only by the use of 
motors that require a single operation to start, viz. 
“Close the switch.” This control can be obtained by 
the use of complicated automatic motor starters, but 
the Wagner Electric Manufacturing Company, of St. 
Louis, Mo., has found a simpler way. They have in- 
cluded a simple starting mechanism in the motor itself, 
which operates by centrifugal force. It is, therefore, 
powerful and sure to operate at the required speed. 

The single-phase motor starts as a repulsion motor, 
with starting torque several times full load torque. It 
will, therefore, pull full load up to normal speed, and 
without drawing an excessive current. This is im- 


RAILWAY ELECTRICAL ENGINEER 


SULLA Re 


Vol. 7, No.3. 


U.S. L. & H. Co. Reorganized. 


On July 1st the receivership of the U. S. Light & 
Heating Co. was lifted and the property passed into 
the hands of the new company at a recent meeting of 
the board of directors and officers of the old company 
were re-elected, which to those interested in the wel- 
fare of the company is taken as the greatest assurance 
that the company will be managed in a conservative 
and businesslike manner. 


Srl 


portant, particularly in an isolated plant, which is fur- 
nishing light as well as power. 

When the motor has attained nearly normal full load 
speed the centrifugal mechanism operates, releasing 
the brushes and interconnecting the armature coils. 
The motor then operates as a single-phase induction 
motor. This is the only type of single-phase motor 
that will start full load without clutch or any other 


Fig. 1. General Appearance Large Sized Motor. 


of a Medium Sized Motor. 


Filgiess 


intermediary device. Furthermore, as the centrifugal 
mechanism always changes from starting to running 
connection at the same speed, there is no possibility 
of a premature throwover with resulting heavy cur- 
rent draw, as when the starting is left to the workman 
who may be in a hurry. 

Some central station companies require the starting 


Fig. 2. Appearance of Armature Used in Small Machine. 


current of motors to be not more than one and one-half 
times full load current. When the current to Wagner 
single-phase motors is limited to this value they will 
develop full load torque. 

These motors are adapted to any machine that oper- 
ates at constant speed. The value of starting torque 
may be varied within wide limits to take care of differ- 
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ent operating conditions, such as blower and centrifu- 
gal pumps on the one hand, and line shafting, bull- 
dozers, etc., that require large starting torque, on the 
other. 

These motors are made in sizes from 1% to 60 horse- 


Fig. 4. 


Rotor of Large Sized Motor. 


power. Figure No. 1 shows the general appearance of 
a medium sized motor, complete with rails and pulley. 

The frame is of cast iron, with the feet of the 
motor cast integral with it. The end bells are single 
castings, which insure concentricity of bearings and 
frame, and keep the bearings in alignment. The bear- 
ings are of phosphor bronze, and in the largest sizes 
are split. 

Figure No. 2 illustrates the appearance of the arma- 
ture of a medium size motor. The governor mechanism 
weights are clearly shown on the end. 

The polyphase self-starting motor is in all mechani- 
cal respects identical with the single-phase motor, ex- 
cept that the brushes and brush mechanism of the sin- 
gle-phase motor are not required. 

The motor starts with characteristics similar to the 
slip ring type of polyphase motor. It develops at start- 
ing much more torque for the same current than does 
the squirrel cage type motor. At about 80% normal 
full load speed the centrifugal governor mechanism 
changes the armature connection from the high torque 
starting to the normal running torque connection. This 
is also a constant speed motor, but is adaptable to a 
large variety of uses. 

Figure 3 illustrates the external appearance of a 
large size motor, and figure 4 the rotor. Note the gov- 
ernor mechanism inside the armature. 


Fig. 1. Potential Indicator Consisting of an Electrostatic Glower 


and a Metallic Condenser Hood. 


Electrostatic Potential and Synchronism Indicators. 


Electrostatic vacuum glowers are now being used to 
indicate the presence of potential on high voltage a-c. 
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circuits, and to--determine when such circuits are in 
synchronism and may be thrown together. 

For indicating potential, two appliances as shown 
in Figs. 1 and 2 have been developed by the General 
Electric Company. The first consists of an electrosta- 
tic glower, a metallic condenser hood, a switch for cut- 
ting the glower in and out of circuit, and a hook for 
suspending the indicator from the line and leading 
current to the glower. One terminal of the glower is 
connected to a spark gap and then to the lower end 
of the suspension hook; the other terminal, to the con- 
denser hood. The loop in the suspension hook enables 
the indicator to be hung over the line by means of 
the ordinary type of switch hook used for operating 
disconnecting lever switches. 

The indicator switch when closed provides a low 
resistance path between the line and the hood, and 
cuts the glower out of circuit. When the switch is 
open, the glower is connected between the line and 
hood through the spark gap, and will light up if there 
is potential on the line at least equal to the tension 


Electrostatic Synchronizer Operating on a Minimum 
Voltage of 13,200 Volts. 


Fig. 3. 


between the line and ground on a three-phase system 
carrying 15,000 volts. This indicator is used for in- 
door and outdoor service, and, as a rule, hangs on the 
line continually, but, of course, can be moved about 
as desired. Usually a grounded wire is connected to 
the switch string sufficiently close to the hood to be 
out of reach of the operator. 

The second form of indicator, shown in Fig. 2, is 
essentially the same as just described, except that no 
switch is provided and the hood is attached to a long 
wood rod equipped with a ground cone for connecting 
a wire between the rod and ground. The upper ter- 
minus of the lead running down to the spark gap 
inside the hood is connected to another lead going to 
the top of the pole to a metal pin, which is held 
against the line to determine whether the line is alive. 
This indicator is, because of its easy portability, most 
suitable when the indication of potential may be de- 
sired on a number of lines. 

In using an eelctrostatic indicator, one should al- 
ways bear in mind the fact that, although the lighting 
of the glower gives a positive assurance of voltage 
on the line, the lack of glow does not by any means 
prove the line to be dead, because the bulb may be 
broken, the leads disengaged, the potential too low, 
etcy 

The usual method of indicating when a-c. lines or 
machines may be thrown together is by the use of a 
synchronism indicator and synchronizing lamps, or by 


Fig. 2. Potential Indicator Hook Attached to LongWooden Rod Attached to Ground Cone. 
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either the indicator or lamps separately, employing 
also as a rule the potential transformers that are used 
in conjunction with the meters or instruments. This 
arrangement is entirely satisfactory; but when it is 
desired to connect systems together where trans- 
formers are not needed for indicating or measuring 
purposes, the equipment is comparatively expensive. 
The higher the voltage, the more does this apply. 

The electrostatic synchronizer of the General Elec- 
tric Company, shown in Fig. 3, requires for opera- 
tion, however, only the charging current of the line. 
It consists of a few simple and inexpensive parts, and 
can be used to considerable advantage in main stations 
where current is metered on the low side, in switching 
stations, line junction stations and some substations. 

Three electrostatic glowers, mounted in a case, 
which resembles that used for a round pattern switch- 
board instrument, are used for each synchronizer. 
The glowers are connected to the line through con- 
densers consisting of suspension insulators, the in- 
sulating value of which is at least equal to that used 
for insulating the line. 

To use the synchronizer, the terminals of one of 
the glowers are connected through the insulators to 
the leads of the same phase of running and incoming 
lines. The other glowers are each connected across 
dissimilar phases of the remaining leads of the running 
and incoming lines. 

When the lines are not in synchronism, the glow- 
ers will indicate the relative frequency of the lines 
in the same manner as the usual synchronizing lamps. 
When in synchronism, the rotating effect will dis- 
appear, the glower connected to the corresponding 
lines will be dark and the other two will show about 
one-half brilliancy. The minimum voltage for opera- 
tion is 13,200, and the maximum depends only on the 
use of the proper number of insulators. 

The synchronism indicator can be used as a ground 
detector by connecting one terminal of each glower 
to the ground and the other terminals to the line. A 
lighted glower will indicate that the line is at potential 
above ground; i. e., not grounded. 


The Economical and Efficient Electric Hammer. 

The line of Western Electric hammers that is being 
marketed by the Western Electric Company can be 
operated at a power cost that is practically negligible, 
ranging from 2c to 5c an hour and depending upon the 
size of hammer used. The equipment investment is 
small, only the cost of the tool having to be con- 
sidered. 

A man with an electric hammer may be expected 
to do about as much work as six men working by 
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hand. This is easily explained by the fact that a man 
with a hammer strikes from 50 to 80 blows a minute 
while the electric tools strike from 1400 to 4000. 

These electric hammers have long since passed the 
experimental stage and are being used successfully by 
companies installing switchboards, pneumatic tube 
systems, piping, railings, sprinkler systems, fire es- 
capes, fire doors, etc. One general contractor tells of 
the great saving through the use of these tools in tak- 
ing out the mortar between bricks for repointing, an- 
other of using them in breaking up old engine bed 
foundations and sidewalks. Paint mills use them for 
dressing mill stones, ice plants and central stations for 
chipping scale off condenser tubes. In fact, wherever 
a rapid succession of blows makes for saving, these 
electric hammers are being used successfully. 

An attractive booklet giving further details may be 
obtained by writing to the Western Electric Com- 


pany. 


“Results of Electrification.” 

Circular 1505, is the latest publication brought out 
by the Westinghouse Electric & Manufacturing Com- 
pany. Results obtained by electrification on some of 
the important steam railways of the world are in- 
cluded in this circular, giving information of interest 
and value to Steam Railroad Operators on Electrifica- 
tion Work. 

Contained in this publication are well illustrated 
descriptions of the Norfolk & Western, Pennsylvania, 
New York, New Haven & Hartford and other electri- 
fications installed by the Westinghouse Company. 


The Westinghouse Electric & Mfg. Company has 
recently issued the first number of Westinghouse 
Electrification Data, a periodical to chronicle the 
latest advances in the field of heavy tractionmen ge 
present number contains a discussion of electric lo-- 
comotive characteristics, some interesting figures on 
the comparative maintenance costs of steam and elec- 
tric locomotives, as well as data on the New York 
terminal electrification of the Pennsylvania Railroad. 


Additions to Condulet Line. 

Condulets, Bulletin No. 1000C is the title of a 6x9- 
inch, 32-page supplement to Condulets, Catalog No. 
1000, that has just been issued by the Crouse-Hinds 
Company. This bulletin illustrates, describes and 
lists many new types and styles of Condulets and Con- 
dulet accessories, besides numerous additional sizes 
of older forms of Condulets. It is a book that should 
be exceedingly valuable to those who are at all in- 
terested in Conduit installations. 
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The Vertical Lift Bridge 


The vertical lift type of bridge seems to be coming 
into increased favor, for the completion of the two 
New York Central bridges over the Calumet river 
makes five of this type that are now in use in Chicago. 
Three of these bridges are owned and operated by 
the Penn. R. R., one of which was described in the 
March, 1915, issue of the RAtLway ELeEctTRIcAL ENGI- 
NEER and the two others with New York. Central 
bridges are described in another part of this issue. 


The four bridges over the Calumet river have a span 
of 250 ft., a vertical lift of 98 ft., and cross the river 
at an angle of about 50 degrees, and the bridges are 
each 150 ft. 

The New York Central bridges have several marked 
improvements over former bridges of this type. By 
using nickel steel the weight of the span has been 
decreased to 700 tons as compared to 900 tons for the 
Pennsylvania bridges. Counterbalancing chains make 
the power demand more constant over the operating 
cycle. The wiring system has also been somewhat 
simplified by carrying the conductors in one cable. 
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One of the principal reasons why this type of bridge 
was used in preference to the bascule type is that 
it may easily be constructed on the skew, thus allow- 
ing a shorter bridge to be used than would be possi- 
ble with the bascule type. In the case of the 19th St. 
Penn. lift bridge there is an added advantage in that 
there is a possibility that there will be a future grade ele- 
vation at this point. The vertical lift bridge can be - 
used before, during and after elevation, it only being 
necessary to change the bridge approaches and the 
bridge seat as the work of elevation progresses. 

The wind effect on a large bascule bridge is often- 
times very great, resulting in a large power consump- 
tion, often seriously damaging the operating motors, 
whereas the bridges in this installation are affected 
very little by the wind. The current consumption is 
also lower with the vertical lift bridge, especially with 
the use of counterbalancing chains. Although the ver- 
tical lift bridge is considerably cheaper in first cost 
than the bascule type, experience has not yet shown how 
the cost of maintenance will affect the economy of the 
installation. 


In both the Pennsylvania and New York Central 
installations, one of the primary considerations has 
been safety and reliability. With the former object in 
view, the operations are interlocked so that it is im- 
possible to raise the bridge until the track is blocked 
off. Dead man stops also prevent the bridge from 
overtraveling. To guard against breakdowns the 
control equipment is arranged in duplicate on the 
Penn. R. R. bridges so that both bridges can be oper- 
ated from either controller house. 

Duplicate sources of power are provided at the 
New York Central bridges. Normally the storage 
batteries are charged from a motor-generator set, but 
in case of the failure of this source a gas-engine-gener- 
ator set furnishes the power. This consists of a four- 
cylinder gasoline engine flexibly connected to an elec- 
tric generator. 


Kighth Annual Convene 
tion A. R. E. E. 


The Eighth Annual Convention of the Association 
of Railway Electrical Engineers will be held at the 
Hotel La Salle, Chicago, October 18th to 22nd. The 
convention proper will open Tuesday a. m. but an 
informal, get-acquainted reception and dance will be 
held as usual, Monday night. 


Some excellent work is promised by the various 
committees and present indications are that the con- 
vention this year will surpass that of any previous 
year for actual results accomplished. The work of 
the committee: on Standardization of Crane Motors 
has progressed sufficiently in tabulating data on ex- 
isting equipment to clearly show that there has ap- 
parently been no attempt to standardize on this im- 
portant branch of railroad shop equipment in the 
past. The committee is making a thorough investi- 
gation of the problem and will have some important 
recommendations to offer which should form a logical 
basis for a set of standard specifications for the motor 
equipment of traveling cranes of various capacities 
and operating speeds. It is expected that other com- 
mittees will have similarly interesting reports. 

An informal dinner dance to be held at 8:30 p. m. in 
the main ball room on the 19th floor of the Hotel La 
Salle, Thursday, October 21st, will close the enter- 
tainment features of the Convention—the final busi- 
ness meeting being held Friday morning. 
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Probably one of the most interesting draw bridge 
installations in the country is that at South Chicago, 
where the tracks of the Pennsylvania R. R. and New 
York Central Lines cross the Calumet riveree Here 
the Pennsylvania R. R..have 2 large double track 
bridges, recently completed, and the New York Cen- 
tral Lines also have 2 double track bridges, on which 
the construction work has been completed, but which 
are not yet in operating condition. 
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Jouble Track Lift Bridges 
with Remote C 


mtroll 


operated independently and each is supported by 12 
2 in. cables at each end of the bridge. These pass over 
great sheave wheels at the top of the steel towers, 
as shown in Fig. 1, and on the other side of the tower, 
support a great concrete block, which acts as a count- 
erweight for one-half the bridge. These sheave wheels 
mounted on top of the towers have a diameter of 15 
ft. so as not to cause any bending stresses in the sup- 
porting cables. 
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Side View of the Four Double Track Vertical Lift Bridges, the Two of the Pennsylvania in the Background in the Down 


Position and the Two of the New York Central Lines in the Foreground, Shown Raised. 


All of these 4 double track bridges are of the ver- 
tical lift type and are very similar in design, both 
as to mechanical construction and electrical operat- 
ing features. In the detail of design, however, these 
two installations are somewhat different and it will 
be interesting and instructive to compare them. It 
is interesting to note the general favor with which 
this type of bridge seems to have recently come in 
preference to the bascule type, so commonly used 
heretofore. An earlier installation of this same type 
of bridge, installed over the Chicago river at 19th 
street, Chicago, was described in the March issue of 
the RatLway ELECTRICAL ENGINEER. 


The right of way of the Pennsylvania R. R. and 
New York Central Lines crossing the Calumet river 
are adjacent and parallel, crossing the river at an 
angle of about 50 degrees, so that the bridges are all 
built on the skew, and being built so close together 
give very much the appearance of a single large bridge, 
as shown in Fig. 1. As mentioned above, there are 
four double track bridges at this point, the two of 
the New York Central Lines having a 210 ft. span 
and each weighing 700 tons, and the two of the Penn- 
sylvania R. R. having a 210 ft. span and each weigh- 
ing 900 tons. The New York Central Ry. bridges 
being constructed of nickel steel, makes the reduc- 
tion in weight possible. Each double track bridge is 


Operating Mechanism. 


The vertical travel of each bridge is approximately 
98 ft., and the towers supporting the bridges are 
each 150 ft. in height. The hoisting of each bridge is 
accomplished independently by moters and reduction 
gearing mounted in a machinery house on the top of 
each bridge. In general design the operating mech- 
anism of both the Pennsylvania and New York Cen- 
tral installations are very similar. The reduction gear- 
ing for driving the four hoisting drums is located on 
either side of the motor shaft, as is shown in Fig. 6; 
this operates on a ratio of 38 to 1, that on the right 
side hoisting the north end of the bridge and that 
on the left side hoisting the south end, and being geared 
at the same ratio to the same motor shaft, insures 
that the bridge will always rise perfectly level, provid- 
ed the hoisting cables do not slip, stretch or break. The 
two large driving axles, as shown at the extreme left 
and the extreme right of Fig. 6, have a 46 in. drum 
mounted at each end. On of the four hoisting cables 
located at the four corners of the bridge are wound 
around each of these four drums. These hoisting 
cables are fastened at the top and bottom of the tower 
and are coiled around the winding drum about ten 
times, being rigidly fastened thereto at the center 
coil. The bridge then pulls itself up by the four hoist- 
ing cables, very much as a spider climbs his web. 
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The two motors on each of the Pennsylvania bridges 
are of 225 h. p. capacity, while those of the New York 
Central are each of 100 h. p. capacity, although they 
all can carry a momentary overload of 200 per cent. 


Method of Braking. 


The method of controlling the operating speed of 
the bridge is, of course, a very important feature of 
such an installation. On account of the great weights 
involved, the ordinary solenoid brakes, employed in 
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Fig. 2. End View of the Four Bridges, Showing 20th Century 


Limited Enroute. 


elevator installations, do not meet the requirements. 
When raising the bridge, the bridge is lifted by the 
up-haul cables and braking or slowing down the speed 
of the bridge must be accomplished by means of the 


Fig: 3. 
Counterweight Chains Which Compensate for the Weight of the 
Poi Cables, Keeping the Bridge in Perfect Balance at All 

ositions. 


Showing Concrete Block Counterweights and the Great 


down-haul cables. And similarly, the brige is low- 
ered by means of the down-haul cable and the bridge 
speed is reduced or stopped by means of the up-haul 
cable. There is a certain amount of slack which 
always takes place in the cable which is not under 
tension and if the brakes are applied suddenly, as would 
be the case with a solenoid brake, this slack is taken 
out with a jerk and may seriously jar the bridge, or 
possibly break the supporting cables. Therefore it 
is necessary to apply the braking force gradually and 
in order to take care of this feature, a motor operated 
brake is installed on the Pennsylvania bridges and 
an air operated brake on the New York Central 
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York Central mechanism is shown just to the right 
of center in front of the reduction gearing. 


An emergency brake, with solenoid release, as shown 
in the foreground of Fig. 6, is installed at each of the 
bridges. This brake is applied directly on the motor 
shaft and is located midway between the two motors 
in each case. One of the air solenoids of the New 


Fig. 4. Motor Operated Bridge Locks Which Hold the Bridge 
Firmly in Place. Motor Is Shown in the Center Covered with Can- 
vas as Construction Work Is Not Yet Completed. 


motor shafts on both the New York Central and the 
Pennsylvania bridges. This brake prevents the motor 
shaft from turning when the bridge is at rest and is 
automatically set every time current is shut off the 
motors. Braking power is produced by the action of 
three steel springs at the top, acting through a toggle 
mechanism, strongly compressing two brake shoes on 
the brake wheel. The pressure of these springs is 
released by the action of the solenoid and this solenoid 
is connected in shunt with the hoisting motors so 
that as soon as current is passed through the motors 
this brake is automatically released, and as soon as 
current is shut off the motors this brake is set. It 
is adjusted, however, so that it is not of sufficient pow- 
er to cause a serious jerking in the operating cables, 
the main braking being done by the air operated or 
the motor operated brake. 


Fig: 5; 


Machinery House of One of the Pennsylvania Bridges, 
Showing One of the Motors and Solenoid Emergency Brake at the 
Left and Automatic Switching for Preventing Overtravel of Bridge 
Is Shown at the Right of Center. 


There is an automatic air pump installed on each 
of the New York Central bridges which maintains a 
pressure of 80 lbs. in a storage tank of 20 cu. ft. ca- 
pacity for operating the air brake. Two remote con- 
trol magnetically operated valves are employed, one 
for applying the brakes, and one for releasing. An 
angle valve is placed in the supply line from the air 
tank and this is partly shut off so as to introduce a 
time element in the braking and preventing the air 
pressure in the brake cylinders from quickly coming 
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up to full value. By careful manipulation of the ap- 
plication, hold and release of the air, the operator can 
gradually take up the slack in the cable, bring the 
bridge to a stop in the shortest time possible, and with- 
out injury to the bridge. In other words, he is able 
to feel the operation of the brakes very much the 
same as a locomotive engineer does. 

On the Pennsylvania bridges the principle braking 
is by means of a motor operated brake. This consists 
of a 500 volt motor, wound for high torque, which is 
geared to a rack which operates the brake toggle mech- 
anism, acting against the pull of two springs, to re- 
lease the brake. There are three positions of the motor 
controller and three motor torques and braking pow- 
ers to correspond with this: light, medium and heavy 
braking. The bridge operator using these three brak- 
ing powers can very easily control the braking of the 
bridge with perfect satisfaction. Automatic brakes 
with a solenoid release are also installed at each end 
of the motor shaft, as on the New York Central 
bridges and in addition to this and an auxiliary hand 


Fig. 6. 
Central Bridges, Showing Solenoid Operated Brake and One of the 


Interior of the Machinery House on Onei of the New York 


Motors in the Foreground. The Other Operating Motor Is Shown 
in the Background with ‘a Double Set of Reduction Gearing on 
Either Side of Motor Shaft for Hoisting Either End of the Bridge. 
Ratio of Gear Reduction Is 38 to 1. Remote Control Panel Is Shown 
in the Backgrounc& at the Upper Right Hand Corner. 


brake is provided by means of which the operator, who 
is located directly below the machinery house can 
throw a lever and operate the motor operated brake 
by hand. When the bridge is at rest, both the solenoid 
release brakes and the air operated or motor operated 
brakes are set. Applying the air or operating the 
motor releases this brake and allows the motor shaft 
to turn. In both the Pennsylvania R. R. and New 
York Central installations the brake is operated by 
remote control from the operator’s cabin. 


Contact Systems. 


The method of collecting current on the New York 
Central bridges is shown by Fig. 8. As may be seen, a 
double trolley serves to collect the current from both 
the trolley wires. There may be some difficulty in tak- 
ing care of expansion and contraction of the trolley 
wire and in preventing sleet and ice from interfering 
with its action. 

Current is collected on the Pennsylvania bridge by 
a sliding shoe in contact with a ribbon shaped contact 
wire which is about 1 in. wide and % in. thick. 


Bridge Control. 


Remote control is employed for operating both the 
bridges of the Pennsylvania R. R. and the New York 
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Central Lines. On the Pennsylvania bridges an oper- 
ator’s cabin is installed immediately below the ma- 
chinery house on each bridge. However, a double 
control is installed in each operator’s cabin, so that 
a single operator on either bridge can operate both 
bridges if necessary. 

The control of the New York Central bridges is 
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Fig. 7. Interior of the Operator’s Cabin for Handling Both of 
the New York Central Bridges. Controllers Shown, However, Are 
for But One Bridge, at the Right Are Bridge Circuit Switches and 
Breakers; in the Center Is the Master Controller for Operating 
Bridge Motors; to the Right of This Is Shown the Controller for 
the Air Brake and to the Left Is Shown the Two Rail Lock Motor 
Controllers. Above These Are Emergency Switches for Throwing 
Off All Power on the Bridge. The Large Dial in the Background 
Indicates Height of the Bridge in Feet and Inches. 


effected by a single operator, who is located in the 
control cabin about half way up and directly between 
the two bridge towers at the east side of the river. 


Fig. 8. Trolleys for Collection of Current, on the New York Central 
: Bridges. 


The interior of the operator’s cabin of the New 
York Central bridges is clearly shown in Fig. 7. At 
the right are the switches and circuit breakers of the 
individual controlling circuits and in the center is 
shown the main controller drum with the air brake 
operating controller at the right and the two rail lock 
motor controllers at the left. At the extreme left is 
shown part of the board carrying switches of the ball 
signals for boats. At the left of Fig. 7 are also shown 
the two indicating signals which indicate when the 
signal tower man has set the blocks against the trains 
of either bridge so that it can operate. In the back- 
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ground at the center are the two automatic control 
panels for operating the rail lock motors of each 
bridge. These are equipped with dynamic braking so 
as to provide for a quick stop after the rail locks have 
been once withdrawn or inserted. 

Large motor operated horns are mounted on all of 
the bridges to signal boatmen on the river. A small 
electric motor carrying a knobbed wheel on its shaft, 
which operates against the wearing button on the dia- 
phragm of the horn, makes up the mechanism for this 
apparatus. 

There is a certain definite procedure which must be 
followed in raising any of the four bridges; this is as 
follows: Ist, the signal tower man must have all sig- 
nals of tracks crossing that bridge set at danger. This 


Fig. 9. 
Charging Station, Showing Two Motor 
Generator Charging Sets and 720-Ampere- 
Hour Battery in the Background. 


Interior of the Pennsylvania 


Fig. 10. 


is indicated in the operator’s cabin by a white indi- 
cator light on the Pennsylvania bridges and by a sig- 
nal relay on the New York Central bridges. Power 
is then available for operating the rail lock motors, 
but not until the rail locks have been completely with- 
drawn is power available for operating the master con- 
troller of the hoisting motors. This feature is provided 
by contacts at each of the rail locks, which are con- 
nected in series with the master controller. When 
the rail locks have been withdrawn this is indicated by 
two white lights on the indicator board, one for each 
rail lock, and the operator can then raise the bridge 
by manipulating the master controller. This controll- 
er does not carry the main current for the hoisting mo- 
tors, but simply operates relays on the remote control 
panel in the machinery house, the resistance grids of 
which are shown in the background at the upper right 
hand corner of Figs. 5 and 6. 

As the bridge nears the upper or lower limit of 
operation the speed is automatically diminished and 
when within 10 ft. of the limit the master control cir- 
cuit is completely opened and the motors stopped. 
The control circuit can be re-established, however, by 
the operator pressing a button shown above the small 
controller switchboard in the center of Fig. 7. 

An air cylinder cushioning device is mounted at 
each of the four corners of both New York Central 
bridges. When the bridge gets to within about 2 ft. 
of the bridge seat these air cylinder pistons strike and 
cause the bridge to gradually settle into place. No 
such devise is provided on the Pennsylvania R. R. 
bridges. 

Indication of Bridge Height. 

A circular disc indicator shown in the background 
of Fig. 7 in the operator’s cabin indicates the exact 
height of the bridge to an accuracy of % in. The 


Exterior of Pennsylvania Bat- 
tery House, Which Is Located Directly 
Between the Two Bridge Tracks. 


RAILWAY ELECTRICAL ENGINEER ’ 99 


traffic requirements require that the bridge should 
be seated to within an accuracy of % in. and ac- 
cordingly both the bridge control and height indi- 
cator must be adjusted correspondingly accurate. In 
seating the bridge it is usually necessary to force it 
down with the down-haul cables and it must be 
brought to within \& in. of the proper position before 
the rail locks can be inserted. 

In the Pennsylvania bridges this indicator is geared 
to one of the hoisting drums, since the operator’s 
cabin is located immediately below the machinery 
house. In the New York Central bridges, however, 
where the indicator is mounted in the operator’s cabin 
in the bridge tower, a small sheave wheel, mounted 
on the main supporting sheaves on the top of the 


Fig. 11. Interior of Battery. Room, 


Pennsylvania Plant. 


tower drives a cable which drives the elevation indi- 
cator. 

Down position on Pennsylvania bridges is indicated 
by means of contact switches on each end of spans 
which strike projections on the towers and give posi- 
tive indication that bridge is seated and rails can be 
safely locked. 

The bridges of the New York Central are forced 
onto their seats by means of large motor operated 
wedges. Fig. 4 shows the mechanism on the pier of 
one of the bridges. A gear on the motor operates a 
rack on the wedges, through a gear train, so that when 
the bridge has been lowered to within a few inches 
of its seating position, power can be applied to the 
motor and these wedges will pass over a shoulder on 
the foot of the bridge forcing it tightly into place 
and locking it in that position. 


Safety Stop. 


An automatic stop is provided for both the up and 
down travel of the bridge so that when the bridge 
gets to within 10 ft. of either upper or lower limits, 
the circuit of the master controller is opened, thereby 
stopping the motors and automatically applying the 
air or motor operated brake and solenoid brakes. The 
circuit of the master controller can be re-established 
by pressing the button shown above the rail lock mo- 
tor panel in the center of Fig. 7, so that the operator 
can make use of the bridge motors in forcing the 
bridge down to proper seating and holding it in posi- 
tion until the rail locks are inserted. 


Emergency Features. 


Every possible means has been employed to guard 
against trouble in the case of an emergency. Auto- 
matic stop limits for both up and down travel are em- 
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ployed, as described above; in raising the bridge the 
circuit of the master controller is not complete until 
all rail locks have been entirely withdrawn and the 
bridge is free to rise; all brakes are automatically set 
as soon as power is shut off so that in case of an acci- 
dental breaking of the circuit the bridge would quickly 
come to a stop. 

In the Pennsylvania R. R. bridges a duplicate re- 
mote control equipment is installed in each bridge so 
that either of the bridges may be operated from the 
other in case of a man failure; an emergency cable is 
installed between the two charging stations so that 
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sets, each of 35 k. w. capacity, are installed for charg- 
ing the storage batteries, as shown in Fig. 9. Start- 
ing and controlling panels with circuit breakers are 
shown at the left and battery room in the distance. 
The battery tanks are mounted on. porcelain insula- 
tors to eliminate grounds, as shown in Fig. 11. 


New York Central Power Station. 


Power for operating the d. c. motors on the bridges 
is supplied by a Gould storage battery of 2,540 ampere 
hour capacity at the 8 hour. rate, and this is charged 
either by a motor generator set or a gas engine gen- 


Fig. 12. 


power from the station of one railroad can be sup- 
plied to that of the other and as all bridges are de- 
signed to operate at the same voltage, 220 volts, in 
emergency either of the batteries could be employed 
to operate any of the four bridges. A gas engine 
generator set is installed in the New York Central 
power house as an emergency generating set in case 
the a. c. power supply is interrupted. 


Power Supply. 


Power for operating all the bridges is received from 
the transmission line of the Commonwealth Edison 
Co., at 2,300 volts. This is transformed down and 
passed through motor generator sets for charging a 
large storage battery in each installation. Power for 
operating the bridges is then taken direct from the 
storage battery and the battery takes care of the high 
peak load in starting the bridges and at the same time 
reduces the maximum demand to a minimum, which 
is an important factor in determining the price paid 
for power. 

Pennsylvania Power Station. 


Power for operating the two Pennsylvania bridges 
is supplied by a Gould battery of 720 ampere hour 
capacity at the 8 hour rate, 120 cells, giving a nominal 
operating voltage of 220 volts. The battery and the 
generating apparatus is installed in a battery house 
located underground between the tracks of the two 
bridges, as shown in Fig. 10. Two motor generator 


Interior of the Power House Operating the Two New York Central 
ground and a Four-Cylinder Gasoline Generator Set as Auxiliary,in 


Bridges. Showing Motor Generator Set in the Fore- 
tie Background. 


erator set, the latter being held in reserve as an auxil- 
iary. The motor generator set, as shown in the fore- 
ground of Fig. 12, consists of a 200 h. p., 440 volt a. c. 
synchronous motor, to which is flexibly connected 
a 150 k. w. d.c. generator. The generator is equipped 
with interpoles and has a differential wound series 


Fig.,.13: 
ing 117 Cells of Gould Battery of a Capacity of 2,640 Ampere Hours 


Interior of the New York Central Battery House, Show- 


at the Eight-Hour Rate. 


Cells Are All Mounted on Porcelain 
Insulators with Oil 


Cups at the Top to Prevent Acid Grounds. 
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field, the purpose of which is to prevent the generator 
from assuming an undue portion of the load. In case 
the bridge is raised while the battery is being charged 
at a high voltage, as would occur near the end of 
charge, the amount of load assumed by the generator 
in such a case would, of course, depend upon the total 
load required. The generator is designed to carry a 
constant number of watts load so the generator in 
such a case would only carry a certain load, the addi- 
tional power being taken from the batteries. The out- 
put of the generator is somewhat gauged by the set- 
ting of its field rheostat. This division of load averages 
approximately 90% on the battery and 10% on the 
generator for such operating conditions. The gen- 
erator can deliver a charging voltage of from 220 volts 
to 320 volts, as desired. 


Gas Engine Auxiliary Set. 
A 200 h. p., 4 cylinder Bruce-MacBeth gas engine 


Hleavy Duty Contact Syste 


In the July, 1915, issue of the RAILWAY ELECTRICAL 
ENGINEER, a number of papers were reviewed which 
were read at the 32nd Annual Convention of the 
American Institute of Electrical Engineers, held at 
Deer Lodge, June 29th to Julv 2nd. This session 
was devoted to the construction and operation of 8rd 
rail and overhead contact systems. Two papers which 
were not reviewed are given in part below: 


Contact System of the Butte, 
Anaconda and Pacific Ry. 


Mr. J. B. Cox, in the railway electrical engineering 
department of the General Electric Co. gave some of 
the results that have been obtained on the B. A. & 
P. R. R. Electrification in a paper with this title. The 
relatively large amount of energy required per local 
load unit made the adoption of the roller pantograph 
desirable. This type of collector is heavier than the 
slider pantograph and for that reason the trolley line 
should be made as flexible as possible. 

The electrification of the B. A. & P. R. R. has been 
referred to frequently in these columns and the gen- 
eral features of the electrification have already been 
discussed. 

The fact that approximately 60% of the tracks to be 
electrified consisted of yards and sidings with numer- 
ous switching and street crossings, with the added 
difficulty of protecting trespassers, made it advisable 
to use an overhead contact system. ‘Traffic condi- 

tions demanded a locomotive unit with approximately 
80 tons on the drivers, and motor capacity of approxi- 
mately 2,400 h.p., which would mean 6,000, 3,000 or 
2,500 amperes at 600, 1,200 or 1,500 volts respectively. 

Estimates of total cost indicated that two direct cur- 
rent motors, operating in series from a 2,500 volt trol- 
ley, fed from two sub-stations, one at each end of the 
line, would yield most economical results. A double 
unit locomotive with capacity as described, would be 
required to collect from the 2,400 trolley, during ac- 
celeration, from 1,400 to 1,500 amperes, or 700 to 750 
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in. steel shaft. 
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is installed as an auxiliary in case of failure of the a. c. 
power supply. This engine is direct connected through 
a flexible coupling to a 150 k. w., 250 volt, 250 r.p.m. 
generator equipped with interpoles and differentially 
wound series field to prevent overloading of the gen- 
erator, as described above, and the characteristics of 
this generator are identical with those of the generator 
of the motor generator set so that the two can be oper- 
ated in parallel if desired. 

The steel work of the Pennsylvania bridges was 
installed by Kelley Atkinson Construction Co. and the 
electrical features designed by Geo. P. Nichols & Bro. 
of Chicago, the Cutler-Hammer apparatus being em- 
ployed for all remote control equipment. The steel 
work of the New York Central bridges was erected 
by the Pennsylvania Steel Co. and the electrical equip- 
ment designed by their own staff, the remote control 
apparatus being supplied by the Electric Controller 
& Manufacturing Co. 


amperes per collector. Sliding pantographs will col- 
lect up to 200 amperes under similar conditions so the 
roller type of collector seemed more preferable. 

A Shelby steel tube 5 ins. in diameter and 24 ins. 
long was used for making up the roller. Removable 
bearing housings of aluminum metal were fitted into 
each end and the completed roller revolved about a 5% 
The roller complete weighed 31 Ibs. as 
against about 5 lbs. for the corresponding element of a 
sliding pantograph. 

The demands of the overhead line construction for 
the satisfactory operation of the roller pantograph 
were that it should be even and flexible. The catenary 
type of construction seemed to meet these demands 
and to be the best system to use. 

- Redesign of Line Material. 
It was found necessary to redesign all hangers, pull 


Fig. tee ea VD Gan ile 
Hanger. 


Fig. 2. 


Catinary Pull-Off. 
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offs and over line materials, which tended to add un- 
evenly distributed weight or local stiffness to the 
trolley wire. Some of these new designs are shown 
in the accompanying figures. The large percentage 
of curve construction varying anywhere from a tan- 
gent to 22 deg. made it necessary to design a new pull 
off, by means of which the messenger and trolley wires 
are held in position by separate clamps from each of 


Fig. 3. 


Flexible Pull-Off for Pantagraph Collector. 


which run as individual pull off wire with a strut be- 
tween, maintaining the pull parallel to the horizontal 
plane of the trolley wire, allowing free vertical move- 
ment independent of the messenger. 


Wood Poles Preferred. 


The question as to the use of wood or steel poles 
for the supporting structure was not a difficult one 
owing to the general conditions and the nearness to 
the best of markets for good Idaho cedar poles, which 
may there be used more economically when compared 
with the cost of steel structure. One item of unusual 
character in connection with the trolley line construc- 
tion was that required for about % mile of track long- 
side a slump pond from which the sediment is taken 
by means of the track line scraper bucket operated 
from a cable weight suspended between two traveling 
towers mounted on rails on either side of the 
pond. Empty cars were placed on the track in 
question for loading and the trolley would in- 
terfere. As it was desirable to use a standard 
locomotive -for handling: these. cars, *the 
brackets which supported the trolley in mes- 
senger wire were hinged to pole. By means 
of a hand operated windlass the brackets are 
swung upward, carrying the trolley from over 
the track and clear of the path of the bucket. 


Insulation. 


The question of insulation was not a serious 
one so it was merely a matter of choice be- 
tween wood and porcelain insulators. As the 
climate in the locality was favorable the deci- 
sion was made in favor of wood, which offered 
the greater general economy. 


At switching points in ordinary trolley con- 
struction frogs are employed to make the trol- 
ley junction. For pantographs, deflectors are gen- 
erally required to prevent the pantograph from 
raising the wire under which it is operating. 
When approaching such a junction toward a trail- 
ing switch, instead of this type of construction 
the trolley and messenger wires, which were in- 
tended to follow the switching track, were 
started several feet ahead of the switch from a 
convenient point for dead-ending and several 
inches above the horizontal plane of the 
through wires, and gradually brought down 
to that plane a short distance ahead of the 
switching point. At some points in the yards 
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where parallel tracks leave the ladder track at close in- 
tervals, as many as six sets of wires are in the same 
horizontal plane and all the trolley wires make contact 
with the roller simultaneously, Fig. 4. 


Air section insulation was used at all points where 
it was practical. Instead of inserting wooden insula- 
tors in the trolley line the ends of the wires of each 
section were made to overlap each other the length of 
a pole spacing, the two sets of wires being carried in 
approximately the same horizontal plain, but about 
12 in. apart for a few feet in the middle for the span 


Fig. 4. Point in Yard Where Six Parallel Tracks Leave the Ladder 
Track at Close Intervals. Here Six Trolley Wires Are in 
Simultaneous Contact With Roller Collector. 


from which point the dead ends of the trolley wire 
were gradually carried above the path of the collec- 
tor to its anchorage. 


This type of construction prevents hard spots in the 
line and there is less objection to subdividing the line 
into a large number of small sections and this over- 


TABLE I.—COST OF DISTRIBUTION SYSTEM. 


Cost per item | Cost per mile 


$129,027 $1417.89 
89,697. 985 68 
64,268. 706.25 
58,213. 639.71 
27,739. 304.83 
26,807. 294.59 
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comes, to a great extent, the difficulties arising from 
contraction and expansion, due to changes in tem- 
perature. 


At street railway crossings where the 2,400 volt line 
crosses a 600 volt line it was found necessary to use 
two wooden insulators is the high tension line, about 
75 ft. apart. This was made necessary on account of 
the operation of double unit locomotives with the 
trolley upon each. As the first insulator was usually 
about 100 ft. from the switch and the safety section 
was not energized until a member of the train crew 
tan ahead and freed a commttating switch located on 
a pole near the street crossing, which cut out the com- 
mutating section from the normal 600 volt connection 
and energized it with 2,400 volts current. Before the 
crews had learned from actual experience the damage 
that might result if a switch was not thrown until a 
locomotive passed under the first insulator, from the 
arcing that occurred when the roller left the live sec- 


Fig. 5. 


Section Insulator for Pantagraph Collector Installed at 
Cross Span. 


tion of the insulator and ran into the dead section, the 
wood of the insulator was often carbonized until the 
insulation was finally insufficient and the insulator had 
to be replaced. 


At most of the street crossing the use of a sub- 
switching device was avoided by arranging with the 
street railway company to coast over the crossing. 
The electrical switches for controlling the crossings 
at these points were placed on poles near the watch- 
man’s tower and interlocked so as to make it impos- 
sible to energize the crossing with 2,400 volts current 
while the gates were closed. 

The connections shown in Fig. — show the connec- 
tors for interlocking the 2,400 volts and 600 volt circuits 
so that it is impossible to energize the crossing at the 
same time from both sources. 


Cost of Trolley System. 


The total cost of the trolley and feeder system, in- 
clusive of bonding and all changes made necessary in 
preparing the right of way, was $501,787.74, making 
the average cost of the overhead system, including bat- 
teries and bonding, per track mile, $5,514.00 and per 
route mile $13,381.00. The principle items tending to 
increase the cost were a large percentage of curves and 
special work, high price for all labor, interference of 
foreign wire, changes in location of tracks, etc., made 
necessary on account of electrification, extra heavy 
traffic and the use of 15 miles of same by a transcon- 
tinental line, strikes, cold weather, ground conditions 
and numerous street railway crossings. 


Mr. Cox, in discussing the operation of the road, 
states that the operation has been very successful. He 
discussed the small difficulties which were met with 
and told how they were overcome. 
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Observations of the wear of the trolley wire over the 
period of two years indicate that the maximum wear 
was 0.012 in. Using this as a basis a trolley wire life 
of at least 22 years can be expected. This indicates 
that 3,041 passages are possible per thousandth of an 
inch wear of a trolley wire. The roller contacts have 


2400 Volt Trolley _ 


Section Insulators] Form L-7 24" Break ~ 
Weis Zone ~ a 
emir se s_| 


Control Switch 


600 Volt Trolley 


Fig. 6. Diagram of Connection at 600-Volt Street Railway Crossing 
Showing Commutating Arrangement and Protection From 
2400-Volt System With Electrically-Operated Contac- 
tors in Series With Regular Commutating Switch. 


given considerable trouble caused by their bearings 
sticking; this caused the roller to slide, resulting in a 
flat spot or groove, which rendered the roller unfit for 
further service. This was caused by the clamps which 
hold the bearings in place, pressing so hard against the 
roller that it was unable to rotate; readjustment of the 
clamps remedied this. 

Sleeve bearings with oil lubrication were fairly sat- 


| 
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Fig. 7. A Few Roller Tubes That Have Been Injured by Sliding; 
the Chalk Marks Are Drawn Around the Injured Portions. 


isfactory but oil leakage on the rocfs of the cars was 
objectionable. This lead to a search for a better type 
of bearing with the result that a special roller bearing 
is now being used, which about obviates trouble from 
this source. The average cost of maintenance of the 
original pantographs with sleeve bearings was about 
$185.00 per month, or approximately $3.20 per one 
thousand locomotive miles. The present costs are 
about 62c per one thousand locomotive miles. 
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Repair work on the 2,400 volt trolley line is done 
from an ordinary wooden work car without special 
insulation, but Mr. Cox says, as this would not be safe 


West End cf Anaconda Yard, Showing the Use of a Double 
Flexible Catenary Pull-Off. 


Fig. 8. 


in wet weather, it would not be hard to construct a 
tower car which would be suitable under these condi- 
tions. 


Unique Electrically Operated Lift Bridge. 


Over the Willamette River at Portland, Oregon, a 
unique electrically operated lift bridge is in use. This 
is a double deck bridge; the lower deck provides for a 
double track railway in a roadway 32 ft. 8 in. in the 
clear; the upper deck provides for a double track street 
railway in a roadway 29 ft. 3 in. in the clear between 
trusses, besides two cantilevered roadways for vehicle 
traffic and two sidewalks for pedestrian traffic. 

The lower deck may be raised separately to allow tug 
boats and other small river craft to pass; this does not 
interfere with traffic on the upper deck. In order that 
high masted sailing vessels or steamers may pass the 
lower deck telescopes with the upper deck, and both are 
raised to a clear height of 140 ft. above high water. 
The lower lifting deck can be raised to its full height 
in 30 seconds, and both decks then raise to their full 
height in 60 seconds. 

The entire operation is electrical, direct current mo- 
tors using 500 volts street railway current being used. 
The control of the movements of these decks is all in 
the hands of one man who operates a master remote- 
control drum. 


Electric Ship Propulsion. 


As ‘steam turbines give their best efficiency at high 
speeds and ship propellers at low speeds, the use of 
gears was made necessary between the turbines and pro- 
pellers, but to keep the gear ratio within practical lim- 
its, the turbine was run lower than its efficiency would 
warrant, and the propeller faster. Mr. Emmet de- 
scribes the system which is to be used on the new bat- 
tleship, California, and which has been used successfully 
for the past two years on the collier Jupiter. The tur- 
bines operate three-phase generators, and these in turn 
drive the motors on the propelling shafts through con- 
trol apparatus. In this way all of the machines will be 
running at their highest efficiency and at least two effi- 
cient running speeds will be provided. Further advan- 
tage of this system is that it keeps down the total weight 
of equipment required, and is more compact and rugged 
than any system which has been used heretofore. Elec- 
tric drive would result in a saving of about 15 per cent 
in the coal bill on most modern ships, which means that 
it would pay for itself in from one to two years. 
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Contact Conductors and 
Collectors for Electric 
Railway 


Mr. C. J. Hixson of the railway electrical engineer- 


ing in a paper with this title gives a general classifica- 
tion of different kinds of current collecting devices. 


Contact rail and contact wire systems were described 


Fig. 1. Unprotected Third Rail With Under Running Contact. 


along with their corresponding collectors. He derives 
much data from measurements made upon different 
types of overhead collecting devices and gives it in 
the form of curves. 


Contact Rail Systems. 


These systems of current collection are particularly 
adopted for elevated and subway work. They have 
the advantage of high collecting capacity, take up small 
space, and do not require expensive protection, for the 


Fig. 2. Same Rail as Fig. 1 With Protection. 


contact rail. But the high initial cost, danger to life, 
and difficulties from sleet and snow and complications 
in yards, have been among the factors preventing its 
wide application to interurban and steam railroad 
service. Sleet and snow, however, are successfully 
overcome by inverting the rail and using an under 
running shoe, but in doing this, the cost is somewhat 
increased. Higher voltages, however, entail space and 
greater clearance distances. The use of an inverted 


September, 1915. 


third rail with voltages higher than 1,000 make it neces- 
sary to locate the insulators in some other position 
than that now commonly used. 

In describing tests made about a year ago, at Schen- 
ectady, Mr. Hixon states that it was found desirable 
in connection with the use of 2,400 volts for an over- 
running type of third rail system to increase the hori- 


Fig. 4. Third Rail Collector. 
The Slipper With Its Sup- 
porting Arm Is Raised 
and Lowered by Com- 
pressed Air. 


Fig. 3. Third Rail Support 
and Protection. 


zontal distance of the third rail from the track by ap- 
proximately 4 in. The third rail shoe is of a special 
design, due to local conditions, and the slipper with 
its supporting arm is raised and lowered by com- 
pressed air. A cut of this is shown in Fig. 4. The 
contact arm is folded up against the side of the car 
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Fig. 5. Showing the Construction and Location of an Under 


Running Third Rail. 


when passing through village so as not to project and 
be a source of danger. When the shoe is not in opera- 
tion energy is supplied through a slider pantograph 
trolley. 


Contact Wire Systems. 


* 


Direct Suspension. The direct suspension type 
of trolley construction has been in use for many years 
and is standard for conditions involving low speed 
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and moderate amounts of energy 2/0 and 3/0 trolley 
wire is Sales used for city service with a 4 or 6 in. 
trolley wheel. A 4/0 trolley wire was used in direct 
suspension with the earlier interurban installations. 


Porcelain Strain 
Insulator. 


Underground Shoe Fig. 7. 
for Locomotive of the Type 
Used Along the Panama 


Canal, 


Fig. 6. 


For insulation molded compound, with and without 
mica, wood and porcelain are utilized. The pole sus- 
pension for tangent track has practically been stan- 
dardized at 100 ft., which is shortened at curves, de- 
pending upon the degree of curvature. The type of 
support is either a cross span wire or a bracket to 
which is attached a steel strand extending from the 
end of the bracket to the pole, for the purpose of min1- 


7 Zz a 6 
eee any ers Point of Messenger Support 
Fig. 8. Curve Showing Trolley Wire Wave Crest for One Span and 
Corresponding Position of Messenger. 
mizing the hammer blows of the collecting device. 


This is the cheapest type of overhead construction. 


Messenger or Catenary Suspension. 


This was orginally developed abroad to comply with 
safety regulations and to provide more convenient 
means of insulating high voltage trolley wires. The 
conditions between the supporting points of the trolley 
wire was such that in case the trolley wire broke it 
would not fall to the ground. 

There are in existence today, in Mr. Hixson’s opinion, 
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Trolley Wave Crest Curves at Different Collector Pressures 
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certain types of messenger suspensions where it is 
questionable whether the benefits warrant the addi- 
tional money spent. Within the last few years it has 
come to be generally recognized that uniform flexibil- 
ity is possibly the greatest factor in successful collec- 
tion. The collector in passing between the wire causes 
a wave extending 150 ft. or more in either direction. 
The height of the wave at any point depends upon 
how elastic the wire is at that particular point. Sec- 
tion insulators, splicing sleeves, hangers and other 
devices attached to the wire, produce hard spots di- 
rectly proportional to their weight. The messenger 
Wire is of great assistance in increasing the wave 
height of the trolley wire, but improperly designed 
hangers may result in producing a trolley wire sup- 


Fig. 10. 


Roller Pantagraph Trolley. 
Range as Great as Nine Feet, and the Pressure Against the 
Trolley Varies From 20 to 32 Pounds. 


This Can Operate Over a 


ported by a messenger suspension, which will actually 
give worse collection than with direct suspension for 
the hangers may cause hard spots that will cause ex- 
cessive wear of the trolley wire. 

Mr. Hixson gives several curves in which he shows 
the variation of the trolley wave crest with different 
trolley pressures, with different messenger spacing 
and different types of suspension. 


Trolleys. 


It is known that the pole supported trolley wheel 
is much quicker in its action than the heavier roller 
and slider pantograph trolleys. Since the trolleys 
must operate over a range in some cases as great as 9 
ft., the pressure against the trolley wire varies from 
20 to 35 Ibs. 


Conclusions. 


Some of the conclusions arrived at by Mr. Hixson 
were here given by curves. The variation of the rate 
of wear with the number of trips with the current 
collected and with the total contact pressure were 
plotted for sliding contact current collection. It was 
found desirable in some cases to employ two trolley 
wires hung side by side with the supporting points 
so spaced that the hangers on one wire come midway 
between the hangers on the other. This resulted in 
a great improvement in the uniformity of the flex- 
ibility of the trolley wire as well as an increase in the 
collecting and contacting capacity. To show the ef- 
fect of wind, curves were drawn showing the wind 
effect at speeds from 0 to 75 miles an hour with dif- 
ferent types of catenary construction. 
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A Japanese Railway Electification 


An important electrification of a Japanese Trunk Rail- 
way is reported by the Electrical Review of London. 
The railroad electrified is the Usui-Toge Railroad. It 
is a line passing through a very mountainous country and 
goes through some 26 tunnels. It is necessary to overcome 
a difference in elevation of about 2,000 ft. in a distance of 
414 miles and for this reason this road is designed as a 
single track mixed adhesion and rack railway. The 
rack system is constructed with a gradient of 1:15, and 
the adhesion sections with a maximum gradient of 1:40. 
In the center of the line the only turn out is situated 
on a stretch of level ground about 450 ft. in length. 
The line is of the standard Japanese gauge of 3% ft. 
and the, rails are secured to iron sleepers to which the 
triple-bar rack is also fixed. 

The electrical energy for the whole plant is obtained 
from a power station in the neighborhood of Yoko- 
gawa, where 3 vertical 1,000 kw. Curtis turbo generators, 
built by the General Electric Co., have been installed. 
Current is supplied at 660 volts and 50 cycles. Steam 
is supplied by 8 water tube boilers fitted with super- 
heaters and automatic stokers of Japanese construction 
and burning local coal. 

Because of the difficulty in securing satisfactory in- 
sulation in the narrow tunnels, the comparatively low 
pressure of 650 volts is used, the adoption of a high 
tension overhead line, would of course be impossible 
where the overhead space is so limited. 


The electric locomotives are designed on what is 
known as the mixed system, that is, with separate drives” 
for adhesion and rack operation respectively. A single 
locomotive can haul 90 tons on a gradient of 67 per cent 
at a speed of about 6 miles an hour . 

The drive is effected by elevated motors and parallel 
crank mechanism and the locomotive weight of 46 tons 
is distributed almost uniformly over the three adhesion 
driving axles, the output of each motor being 350 h.p. 
at 650 r.p.m. The motor intended for adhesion opera- 
tion is fitted into the spring suspended main frame of 
the locomotive and works through a cog wheel transmis- 
sion of 1 to 6.4 ratio on to the intermediate shaft and 
thence through a parallel crank mechanism on a loose 
shaft firmly mounted in resilient frame, when the last 
drive is effected by means of connecting rods. The cur- 
rent is collected from the under side of the third rail by 
sliding shoes fixed at the front and rear of the locomo- 
tive. On side tracks an overhead line is used and two 
trolley collectors are provided on top of the locomotive 
to collect the current in this case. 

When running on an adhesion section of the track the 
adhesion motor alone propels the locomotive and the 
rack motor runs idle. Synchronism between the rack 
motor and adhesion motor is obtained by the field of 
the later being in series with the field and armature of 
the adhesion motor, while of the armatures of the two 
motors are connected up in parallel. 

On the track section the motors are worked in ordi- 
nary series parallel connection with 15 starting steps, 
the first nine steps connect the motors in series and the 
remainder in parallel. On the ninth and fifteenth steps 
the motor fields are shunted. Dynamic braking is used 
in traveling down hill, the current being dissipated in 
the resistance which serve for starting. 

These locomotives have been in operation for nearly 
two years. Some difficulty was at first experienced with 
the parallel crank mechanism, but excellent results have 
been obtained in the service and the Japanese Railway 
Department is considering the electrification of other 
lines. 
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The Chicago & Western Indiana R. R. Co., com- 
pleted in 1909 a battery charging station at their 51st 
coach yards. This installation, which was described 
in the July, 1909, issue of the RatLway ELECTRICAL EN- 
GINEER consists of a bank of 12 mercury arc rectifiers 
operating on a 220 volt alternating current circuit, 
transforming and converting this direct current at a 
voltage varying from 40 to 350 volts. The details of 
the rectifier plant and yard distributing system were 
described in detail at that time so they will not be dis- 
cussed in this article. Several novel features have 
been added since then, however, which deserve descrip- 
tion, which have been installed by Mr. J. L. Ohmans, 
Electrical Foreman. ; 

The battery repair house is divided into three main 
sections, in one of which, the batteries are arranged 
on benches for charging, a second room is devoted to 
battery repair, and the last is used for generator re- 
pair. The arrangement of the charging circuits is 
shown diagrammatically in Fig. 1. Here it will be no- 


hh Repar oor 


6—— 2 Gen. 


Fig. 1. Diagrammatic Representation of the Wiring in the Battery 


Charging Room of the C. & W. I. Battery House. 


ticed that there are two complete loop circuits which 
are both contained in a single conduit, which makes a 
loop of the battery charging room. The receptacles 
“A” and “B” are in the room adjoining the battery 
charging room. If it is desired to charge several sets 
of batteries, these are plugged into the receptacles 
“b.” Then to complete the circuit a duplex conductor 
having two plugs puts the receptacle “C” in series 
with the charging circuit. In series with receptacle 
“C” are an ampere hour meter and an ammeter, so in 
this way the charge given the batteries can be exactly 
controlled. 


If more batteries are required to be charged than 
the “bh” receptacles can accommodate, the remaining 
batteries may be plugged into the “a” receptacles. 
This circuit is connected into parallel with the line 
by connecting receptacle “B” in multiple with recep- 
pacies A.” 

Another possibility of this wiring arrangement is 
the discharge of batteries. If it is desired to discharge 
a number of batteries they are plugged into the “a’’ re- 
ceptacles and the circuit is closed by connecting plug 
“D” into receptacle “A.” This connects in a water 
rheostat which is shown in the sketch electrically con- 
nected to plug “D.” 


When it is necessary to use batteries for experi- 
mental purposes, such as the motoring of generators, 
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Battery 


etc., batteries to be so used are plugged into the “b’’ 
receptacles. Receptacles ‘“B” and “E” are then con- 
nected together, receptacle “E” being connected to 
the terminals of a line going into the axle generator 
testing room. This makes a very flexible arrangement 
and makes it possible to charge any number of bat- 
teries by means of only two conductors in the battery 
charging room. 

Ingenious Method of Taking Battery Voltage. 

For reading the voltage of the batteries a scheme has 
been worked out which is shown diagramatically in 
Fig, 2. Two volt meter leads are carried through the 
conduit to the center of the battery charging room, 


Fig. 2. Flexible Duplex Cable Used in Reading the Voltage of 
the Batteries in Different Parts of the Room. 


from here a duplex wire encases the two leads, is con- 
nected at the point ‘‘a” to a string which passes over 
a pulley and is connected. All that is necessary to 
read the voltage of a battery is to take the two ter- 
minals marked “Positive” and “Negative” and connect 
them on to the battery. The terminals can be carried 
to any part of the battery room to take a reading. 
When they are not needed they are carried back to an 
out of the way place against the wall by means of the 
cord passing over the pulley. This obviates the use of 


Pressure 
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Fig. 3. 


Acid Carton Mounted on Truck, Showing How Air Supply 
Is Used to Elevate the Acid Into the Battery. 


a large number of voltage leads running to the separ- 
ate sets of batteries. 


Supplying Electrolyte to Batteries. 

The method for forcing acid into batteries is shown 
by Fig. 8. The carboy of acid which is shown mount- 
ed on a small 4-wheel truck is fitted with a 2-holed 
rubber stopper, through one hole a short pipe just 
extended through the plug is connected to the air sup- 
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ply. An acid proof pipe extending to the bottom of 
the acid container extends up through the stopper 
and is connected to a rubber hose through which the 
acid passes to the battery. The air pipe passing through 
the battery house contains air at a pressure of 80 lbs., 
which is too high a pressure to use for this purpose; 
so use is made of a gas reducer to step this pressure 
down. It was found at first that sufficient air could 
not be supplied as air has a greater viscosity than gas, 
but by piercing a small hole through the diaphragm 
in the gas reducer this trouble was obviated. In this 
way the available pressure from the supply end of the 
air pipe is reduced to about 10 lbs., and this pressure 
is regulated somewhat by one of the attendants help- 
ing to fill the batteries by leaving the stopper loose in 
the acid carton. The flow in this way can be controlled 
and stopped when the battery is full. 


Scheme for Checking Batteries. 


Whenever a new set of batteries comes into the 
house they are given a number and nine tags are made 


Fig. 4. 
Icentification Tags Are Kept. é 
tain Car Is Recorded by the Tag Representing That Battery, Being 
Placed on the Square Representing the Car. 


This Shows the Two Boards Upon Which the Battery 
A Battery Being Placed on a Cer- 


with this number on it for their identification. One 
tag is placed on each tray of the battery and the ninth 
is used to keep the battery located. On the tag is 
placed the date when the battery was new, the rail- 
road’s name and the make of battery. There are two 
boards which are divided up into a number of squares. 
One. board is devoted to the C. & E. lAaRiReFic. 4 
shows this board, the number above each square refers 
to a car on that road. The lower center of the board 
on therright is marked House Hereutnesrags are 
placed for all batteries coming into the battery house 
for any reason. So if a certain battery is brought into 
the battery house for repair the the identification tag 
of this battery is placed on the battery house board on 
the square designating the particular battery bench 
occupied. Portions of this board are allotted to other 
railroads making use of this yard. Each square in this 
case represents a certain car upon which batteries may 
be placed. . 

If one of the batteries is to be removed from the bat- 
tery house to a car on the C. & E. I. R. R. the identi- 
fication tag of this battery is removed from the battery 
house board to the square representing the particular 
car of the C. & E. I. upon which the battery was 
placed. This makes a very easy method of keeping 
track of batteries and in this way any particular bat- 
tery can be located or the number of the battery in 
any particular car can be instantly told by referring 
to the board. 
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Northern Pacific Electrification. 


A number of the officials of the Northern Pacific 
R. R. are now meeting at Giant Falls, Mont., and look- 
ing over the water power possibilities at that place. 
It is rumored that the railroad intends to electrify 
the road from this point into St. Paul, and that the 
electrification of the first division which is 114 miles 
in length will begin on October 15th. 

There is very heavy traffic over this road and con- 
ditions are very similar to those on the Chicago, Mil- 
waukee & St. Paul, who are electrifying their line be- 
tween Harlowton and Three Forks, Montana. This 
electrification has already been described in the RAIL- 
wAy ELECTRICAL ENGINEER. The decision of the North- 
ern Pacific will be met with a great deal of interest 
as this will be the second large trunk line electrifica- 
tion in the state gf Montana. 

No details were given as to the system which is 
contemplated but presumably it will be a high ten- 
sion direct current system. 

The abundance of water power in Montana makes 
it only logical to begin operations in this state and as 
some of the heaviest grades occur at this point electri- 
fication will aid greatly in handling the traffic. 


Conditions Affecting Main Line Electrification. 


Mr. W. S. Murray in discussing railroad electrifica- 
tion defines a successful electrification as one that is, 
(1) a success for the public; (2) a success for the rail- 
road; and (8) a success for both the public and the 
railroad. Naturally the third is the greatest objective 
as the railroad is anxious to have its electrification 
considered as successful by its patrons. To be truly 
successful, however, it must follow the lines laid 
down by good business. In his opinion all motive 
power equipment should, if possible, be designed for 
operation upon one form of current. He shows that 
under the single phase high potential contact wire 
three types of electric motive power—the single phase, 
the three phase and the direct current, through the 
medium of a rectifier—can operate. Thus each class 
of equipment is permitted a uniform supply of power. 

In this way a standard system of power distribution 
from the contact wires is established, with which 
power can be delivered in a standard and unchanging 
form. His experience, which has been gained through 
the observation of several large single phase lines, in- 
dicated that economy can be secured in the following 
ways: (1) Saving of fuel; (2) saving in motive power 
maintenance and repairs; (8) saving in train miles. In 
the matter of train miles the saving to be effected is 
dependent upon local conditions. The economy of the 
electric locomotive is well known and coal burned un- 
der the power plant of a supply station will produce 
more power than on the grates of a steam locomotive. 
Density of traffic and other factors have to be taken 
into consideration. Electric locomotives of about 100 
tons on the drivers should be maintained at a rate 
not exceeding 5c per locomotive mile. The coal bill 
for transportation is cut to at least one-half. If these 
savings will cover the interest, insurance, depreciation 
and taxes on the electrical investment, then an electri- 
fication may be said to be justified. 


The Schomburg & Aurora Railroad is reported to 


have plans complete for electrifying that portion of 
their line which extends near Bond Lake to near 
Lloydtown, Ontario. Part of the material has been 
ordered. 


~ 
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Electrically Operated Coal 
Inloists 


J. HW. Wickman 
Tenth Article 


The method of loading coal into storage bins preparatory 
to its use in locomotives in times past has been to run the 
car up a long incline and then dump by gravity into the 
containing hopper. This method is uneconomical, how- 
ever, for all the power used in elevating the car is wasted. 
In modern coal loading stations the coal is dumped from 
the cars into a hopper underneath the track, from there 
is elevated by means of a bucket hoist into an elevated 
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Fig. 26. 
in the One at the Right. 


storage bin. This method has the advantages of being 
more economical, having a lower first cost, and of being 
a less fire risk, because it is not necessary for an engine 
to be run over the coal hopper. 

_ In most of the modern plants now being built, provision 
is made for the loaded cars to be backed over the dumping 
pits and emptied. There is an opening at the bottom of 
this pit through which an amount of coal is automatically 
released, equal to the capacity of the elevating bucket if 
a single bucket is used. The arrangement will be some- 
what different if another hoisting device is used. As the 
bucket is lowered into the shaft under the pit, it is auto- 
matically filled with coal, and as it rises the trap door in 
the bottom of the loading hopper closes and admits an 
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amount of coal sufficient to fill the bucket on its return 
trip. 

In the present article we are not so much interested in 
the mechanical details of these hoists as we are in the 
application of electricity to this class of work. 

Electric power has been used to operate bucket con- 
veyor operation in a variety of ways. These will best be 
understood by keeping the mechanical and architectural 
details of Fig. 26 in mind. The different schemes will 
vary in some particulars from the one shown, but the fun- 
damental arrangement is the same. Each of these dif- 
ferent types of construction will be taken up under a sep- 
arate head, and in a future article the cost of operation 
of these different types of con- 
struction which are described 
below will be given. 


Belt Conveyor. Method No. 1. 
The coal passes from the bot- 


tom of the unloading pit 
through a crusher, which 
breaks the larger lumps of 


coal to the required size for 


= a aa engine use. An endless belt, 
SASS P operated by a 25 h.p. electric 
OD = a a . hi 1 
3 oo. motor, carries them coals on sa 
AAA suitable incline to the overhead 
== coal container. Two 3-phase, 
ASSIA 60-cycle, squirrel cage induc- 
ASS tion motors of 25 h.p. capacity 
Bis Kf are used in’ this case. One of 


the motors is used to run the 
crusher which breaks the coal 
into pieces small enough to be 
burned in a locomotive. The 
belt is run at a speed of about 
1¥4 it. per sec. by the other mo- 


a AOA tor. Both motors are started 
eee” from the same starting box and 
rei 377, are run continuously while the 
On cars are being unloaded. Un- 
ao. der full load conditions this 
! equipment can handle from 50 
H 7 to 60 tons per hour. 


Front and Side View of a Typical Electrically Operated Coal Hoist, Bucket Conveyor 
Is Shown at Top in Left Hand Diagram and at Bottom, 


Bucket Chain Conveyor. 
Method No. 2. 


This method of handling 
coal is used to some extent by 
railroad companies, but finds a much greater application 
with power companies to fill their overhead hoppers 
where the coal is fed into the furnaces by gravity. As 
in the first method, the coal is emptied into the dumping 
pits. These contain a motor driven shaker or bucket feed- 
er at the bottom, which is driven by a constant speed 
motor requiring from 5 to 7% h.p. The coal is then de- 
livered from the shaker to the crusher, from where it is 
carried by the bucket conveyor to the overhead contain- 
er. The buckets are constructed of sheet iron and hold 
from 80 to 100 lbs. of coal each, and are spaced on the 
chain conveyor 3 ft. apart. The bucket chain is sup- 
ported at either end by a large sprocket wheel, and is run 
by a 20 h.p. motor at constant speed. It is kept in op- 


Being Filled, 


110 


eration all the time that coal is being unloaded and the 
speed of the bucket travel is about 1 ft. per sec., 

An installation similar to the one shown in Fig. 26, 
which has a 250 ton capacity, would require from 65 to 70 
buckets. These buckets dump automatically into another 
small hopper at the top of the container. There is a coal 
crusher at the bottom of this small hopper which is either 
driven separately by a 15 or 20 h.p. motor or else by the 
conveyor motor. When this system is used by power com- 
panies to distribute coal in several different bins, the 
crusher is located at the bottom of the receiving hopper 
or pit. 

One of the advantages of this system over the preceding 
one is that the buckets are held right side up by gravity 
and are fastened to the sprocket chains by means of small 
bearings. The coal can be elevated straight up to the re- 
quired height and then turned at right angles and carried 
over the top of overhead hoppers. The trips can be set so 
that certain buckets may be dumped in one place and 
others at another, thus distributing coal if necessary across 
the entire length of the boiler room or into bins feeding 
_ chutes on both sides of the boiler room. With this appa- 
ratus about 50 tons of coai can be loaded and crushed per 
hour if the coal is wet, and considerable more if dry coal 
or screenings are handled. 


Automatic Chain Bucket Elevator. Method No. 3. 


This may be called a combination method of elevating 
coal, for it is merely an ingenious mechanical device 
electrically driven. 
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A 10h. p. constant speed induction motor is direct con- 
nected to an automatic mechanical reversing drum which 
is attached to the elevating bucket by means of steel 
cable, the bucket being over-counterweighed. The cycle 
of operations is as follows: When the motor is started the 
bucket is lowered into the pit and automatreally filled; the 
mechanical reversing worm gear is so timed and set that 
it reverses the hoisting drum at the instant the bucket is 
filled and starts elevating the bucket. As the bucket nears 
the top of its travel, the trap door, which is built in its 
bottom, engages a latch, which opens it and dumps the 
coal; here again the timing of the mechanical reversing 
gear starts the bucket on its downward journey as soon 
as it has been emptied. 

The capacity of this type of conveyor is from 40 to 60 
tons of coal per hour, but when the cars are being unloaded 
and the lumps broken up by hand, the hoist will not be 
required to handle more than from 30 to 50 per cent of 
this amount. 

There are several other methods of hoisting coal in use 
at the present time—hand controlled electrically operated 
hoists, automatic electrically operated chutes, and others 
which are less important. A description of some of these 
methods will be given next time and the operating costs 
of the various types discussed. 


Errata. 

In last month’s article on the “Speed Control of Induction 
Motors,” credit for the motor described under the head “New 
Type of Automatic Starting Motor” on page 84, should be 
given to Fairbanks Morse & Co. 4 
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The question of wattless current is of great impor- 
tance in the study of alternating currents, as practically 
all alternating current circuits contain inductance or 
capacity effects. It has been shown that with induc- 
tance or capacity in a circuit, a certain portion of the 
energy delivered is used to overcome the friction or 
resistance of the circuit or apparatus in the circuit and 
is lost, while another portion, which does not perform 
any useful work, is returned to the generator and 
comprises what is termed wattless current. 

In a circuit containing inductance, it has been shown 
in Figure 19 of the July issue that the curve of values 
of self-induced electro-motive force does not corre- 
spond with the curve of values for impressed voltage, 
but lags behind it and has a lesser valte. 

The resultant voltage, which is in step with the cur- 
rent, was shown to be the simple arithmetical sum of 
the other two curves, remembering that values above 
the line are positive and values below the line negative. 
So when values above the line are added to values be- 
low the line, the difference in signs makes it a sub- 
traction. 

In the measurement of alternating current it is pos- 
sible to determine the value of the impressed voltage 
with the voltmeter. We also can obtain the actual 
amount of current flowing by use of the ammeter. 
We have no obvious means of determining the result- 
ant electro-motive force, which is the real electro- 
motive force, which must be multiplied by the current 
flowing in order to obtain the true power. If the 
current values are multiplied by the values of: the 
impressed voltage curve, the results will be too high, 
because part of this power is returned to the generator. 


The current multiplied by the impressed voltage is 
termed apparent power or volt amperes. The current 
multiplied by the resultant voltage is termed true 
power or true watts. 


Fig. 22. Hydraulic Analogy of Wattless Current. The Engine 
Does Work in Raising the Large Piston in the Upper Cylinder 
During Half the Cycle. This Is All Returned to the Engine, How- 
ever, When the Bottom Piston Is Moving to the Right. : 


The ratio of the apparent power to the true power, 
or the true power divided by the apparent power, is 
called power factor. 


« 
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This term is a very important one in the treatment 
of alternating current problems. The power factor 
expresses the percentage of the apparent power which 
is represented by the true power and is always ex- 
pressed as a decimal fraction, thus .85. 

In the measurement of direct current it will be re- 


E 
membered that the elementary formula C = —, and its 
R 
EK 
modifications E = CR and R = —, expressed all con- 


ditions entering into power problems. 

With alternating current, a motor which is consum- 
ing 30 amperes at 200 volts and has a power factor of 
.90, is not consuming 6 kilowatts, but 30 & 200 X .90 
= 5.4 kilowatts. The generator which supplies cur- 
rent for motor does not deliver 5.4 kilowatts but the 
full amount or the apparent watts and has .06 watts 
returned to it. 

The matter of power factor must always be taken 
into consideration in determining the size of generator 
to operate a given number of alternating current mo- 
tors, or an alternating current circuit to carry a given 
amount of power. The power factor of an alternating 
current circuit is the ratio of the power as read on a 
wattmeter to the product of the volts and amperes as 
indicated by a voltmeter and an ammeter respectively. 

The size of generator and the conductors must be 
sufficient to carry its full rating of true power plus the 
wattless current. A 200 kilo-volt-ampere generator 
operating at 80 per cent power factor will give a true 
power output of 160 kilowatts. 

Under certain conditions it would be possible for a 
generator to be carrying full load current, but for the 
current to be so shifted in phase with reference to the 
impressed voltage as to produce very little transmis- 
sion of energy to the circuit, in such a case the power 
factor would be near zero. In this instance the greater 
portion of the energy would be returned to the gen- 
erator, causing it to run as a motor during a part of the 
cycle. While under this condition the generator is 
transmitting very little power, the generator wires are 
carrying current for full load conditions and the heat- 
ing effect is the same as it would be with full load. It 
is for this reason that alternating current machinery is 
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Edison Storage Battery 
Questions 


(Continued from last month.) 
Ans. 31—Continued. ; 

The constant potential system of regulation is some- 
what similar to the combination current voltage reg- 
ulator except that at the beginning of charge the cur- 
rent is allowed to rise to a much higher value than 
when the current limiting regulator is provided. 
Summing up then: with a constant generator current 
regulator the battery charging current is a very un- 
certain value. It may be high or it may be low, de- 
pending upon the number of lamps in use at the time; 
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given a kilo-volt-ampere instead of a kilowatt rating. 

The hydraulic analogy of wattless current is shown 
in Fig. 22, which, however, is not entirely exact in its 
relation to electric circuits, in that the subject of inertia 
is not taken into consideration. 

In Fig. 22 is shown a horizontal cylinder containing 
a piston operated by power and a vertical cylinder, 
the bottom and top of which are connected to the ends 
of the horizontal cylinder by piping. In the vertical 
cylinder is a heavy piston, which moves up and down 
freely and follows the action of the piston in the hort-. 
zontal cylinder through the medium of a fluid which 
fills the piping and both cylinders. 

As the horizontal piston is driven from right to left, 
a current will flow through the pipes and the vertical 
piston will be raised. As the horizontal piston moves 
from left to right, the vertical piston will fall, and adds 
its power in falling to driving the horizontal piston 
from left to right, thus returning the energy imparted 
to it during the first part of the cycle minus friction 
losses. 

The total energy expended in raising the piston in 
the vertical cylinder, therefore, is that due to frictional 
losses alone, for all the work done in raising the float- 
ing piston is returned by the latter when it is falling. 
The power factor in such a case would be the ratio of 
the actual energy expended to the value represented 
by the product of the pressure by the rate of flow. 
If there were no frictional losses, so that all of the 
energy spent in lifting the piston in the vertical cylin- © 
der was returned to the horizontal piston when it fell, 
then the current might be called wattless or workless 
and the power factor would be zero. 

When an electric current flows through a coil of 
wire, a magnetic field is built up about the coil and 
may be likened to a number of elastic bands which are 
stretched by the action of current. When the current 
is stopped or reversed in direction, the magnetic field 
collapses, and the energy which was stored in the 
magnetic field is returned to the circuit. ‘Thus it is 
evident that when an alternating current flows through 
a coil, energy is alternately stored in the magnetic 
field about a coil and returned to the circuit every time 
the current reverses its direction. Therefore the prod- 
uct of the pressure by the current does not represent 
the actual energy delivered to the circuit, as was shown 
when capacity and inductance effects were discussed. 
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therefore, this type of regulator would probably not 
give as good service with the Edison battery as the 
other types, for the battery might be frequently 
charged at. a low rate. With a constant battery cur- 
rent regulator, the current to battery is maintained 
constant at all times. The regulator setting, however, 
should be at least 40 amperes for the A-8-H type cells, 
which are standard in car lighting work. Where it is 
possible to set the regulator at this value this type of 
regulator should give very satisfactory charging of 
the battery, but a 60-ampere or normal rate setting is 
preferable. 

In the combination current voltage regulations and 
with the constant potential regulators, the battery cur- 
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rent usually starts at a high value of about 65 amperes 
and tapers off to a low value at the end of charge. This 
provides ideal charging for the Edison battery for if 
the battery receives a high rate at the beginning of 
charge there are no bad effects if the current tapers 
off at the end of charge. 

Effect of High Rate. 

Q. 32. What effect do high current rates on charge or dis- 
charge have on the battery? 

Ans. 32. Manufacturers state that the only effect 
which high current rates on charge or discharge have 
on the battery is to heat it and this is the only limita- 
tion that is placed on high rates for either charge or 
discharge. 

Q. 33. What is the highest current rate allowable? 

Ans. 33. About 1000 amperes have been taken from 
the A-8-H train lighting type battery nine successive 
times, the battery being short circuited to complete 
discharge in each case in tests by the manufacturers, 
without apparent injury. Such current values would 
be out of the question for car lighting service. As a 
general proposition it may be stated that the current 
rate on charge or discharge may be any value desired 
so long as the battery temperature does not go above 
115 deg. F. 

Testing Battery Conditions. 

Q. 34. How can the practical car lighting man tell what 
the condition of the battery is when received at the yard? 

Ans. 84. The driver of an electric car after he has 
become accustomed to handling the battery is able to 
“feel” his battery and tell fairly well what the condi- 
tion of charge is by how the battery responds. The 
car lighting inspector or yard electrician taking care 
of Edison car lighting batteries can after a time “feel” 
the voltage condition of his battery with fair accuracy. 

A practical test is to turn on all lights for about 5 
minutes and the brilliancy of the lights after this 
discharge gives an indication of what the condition of 
the battery is. 
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Lesson No. 44 


Tihhe Gould Lamp Regulator 


Although the voltage coil of the generator regulator 
prevents the voltage of the generator from rising above 
40 volts, this maximum voltage would severely strain the 
lamps, were it allowed to be impressed directly upon the 
lamp circuits; moreover, the charging voltage with the 
battery in a low state of charge may be as low as 34 
volts. Therefore the lamp regulator is inserted to absorb 
the 6-volt variation between charge and discharge condi- 
tions of the battery, and to maintain the lamp voltage 
constant regardless of whether there be a large number 
or a small number of lamps in service. 

In order to obtain this regulation, the varying resist- 
ance principle of the carbon pile is employed. It has been 
fully explained in previous lessons how the resistance of 
a pile of carbon discs may be varied over a considerable 
range by varying the pressure on the pile of discs. In- 
creasing the pressure will decrease the resistance of the 
pile and accordingly decrease the voltage drop absorbed 
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Corrosion of the Terminals. 
Q. 35. How can the car lighting inspector locate a poor 


contact at the cell terminal, and what should be done to 
remedy the trouble? 


Ans. 35. The car lighting inspector should occa- 
sionally feel of all terminals of the battery. This can 
be done quickly and if the battery has been on heavy 
charge or discharge for some time previous any term- 
inals with poor contacts will be warm. If any such 
are found the connector should be removed and the 
tapered terminal post cleaned with a strip of emery 
paper by pulling the strip back and forth over the sur- 
face as a boot-black handles his shining cloth. The 
inside of the connector should also be cleaned and this 
can be done by rolling the emery paper into a cone 
shape with the emery side out and the cone tapered 
about the same as that of the connector. This placed 
over the end of the finger and twisted back and forth 
inside of the connector will soon clean the surface of 
the taper. Should this fail, apply a new connector. 


What Happens When the Battery Fails? 


Q. 36. When the battery capacity is finally exhausted 
through long service, what causes failure; does the active 
material come out of the tubes similiar to the gradual erosion 
of active material in lead batteries, or do the plates them- 
selves go to pieces? 


Ans. 36. There is, of course, a slight amount of 
active material which is mechanicaly removed from 
the pockets and tubes of the plates when new. The 
decrease in battery capacity at the end of battery life. 
however, seems to be caused more by a change in the 
physical condition of the active material itself. Even 
most careful chemical analysis has failed to definitely 
determine just what this change is. The manufactur- 
ers state that they are able to remove the active ma- 
terial from an exhausted battery and return it to ac- 
tive condition and again replace it in the plates, 
whereupon it will give normal capacity. 
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in the pile and consequently raise the lamp voltage. On 
the other hand, decreasing the pressure on the carbon 
pile will increase its resistance and accordingly increase 
the voltage drop of the lamp current flowing through the 
carbon pile and therefore decrease the voltage impressed — 
on the lamps. 

The lamp current passes through the two large carbon 
piles shown near the top of Fig. 220, the current passing 
through the two piles in series. An equalizing bar is 
mounted at the left end of the two piles and this, being 
pivoted at the center, equalizes the pressure on the two 
piles. Equalizing the pressure will usually equalize the 
resistance and the heating effect in the two piles, but if 
for any reason whatever the resistance of the discs or 
contact resistance of one pile becomes higher than that 
of the other, due to collection of dust or particles of sand 
or cinders between some of the discs, etc., there will be 
an uneven distribution of heating in the two piles and 
the pile having the most resistance will, of course, get 
hotter than the other, arcing and burning the carbons. 
While this might not affect the operation of the regula- 
tor, it will be liable to injure the carbons and accordingly 
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the carbon pile and discs should all be kept as free as 
possible from collection of dust and cinders. 

As stated before, the pressure on the carbon piles 
determines the voltage drop of the lamp current in flow- 
ing through them. The necessary variation in pressure 
on the carbon pile is produced by means of the main 
solenoid 17, Fig. 220, the magnetic pull on the plunger 
being transmitted through the top horizontal lever “2M,” 
Fig. 220, to the vertical lever at the right end of the car- 
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Gould Type ‘‘M’’ Lamp Regulator. 


Fig. 220. 


bon piles. It will be noted that the lever “M” pivots at 
the stationary bearing 12 and this lever, connects to the 
vertical lever 9 at the pin 13. A pin 14 connects the ver- 
tical lever 9 with the pressure plate of the carbon 
piles U, U’. The fulcrum, or pivot point of this lever is 
the bearing pin 15, but it should be noted that this is not 
absolutely stationary, for the vertical lever ‘“‘G’ swings 
through a slight angle at each stop and start, about the 
stationary bearing 16 as a center. The exact operation of 
this will be explained later. 


The Multiplier. 


In order to make the action of the large regulating 
coil 17, Fig. 220, very sensitive to slight variations in 
lamp voltage, an auxiliary coil or multiplier 18, Fig. 220, 
has been added. The windings of this coil 18 are con- 
nected directly across the lamp circuit so that it receives 
all variations in lamp voltage. The magnetic pull of the 
coil 18 on its plunger is transmitted through the hori- 
- zontal lever “Z,” which is pivoted at the point 19 and has 
a finger 20, which projects downward and bears against 
the small carbon pile “V.” 

This carbon pile is connected in series with the wind- 
ings of the large regulating solenoid 17. A slight rise in 
lamp voltage will increase the magnetism of the coil 18 
and this, pulling up more strongly on its plunger and 
acting through the lever “Z,” will increase the pressure 
on the carbon pile “V.” An increase in the pressure of 
the carbon pile “V” will considerably decrease its re- 
sistance and since the resistance of this pile is in series 
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with the windings of the main coil 17, this will cause a 
comparatively large increase in the current flowing 
through that coil. The magnetism of the coil 17 will 
thus be strengthened and will pull up more strongly on 
its plunger, and this, acting through the levers ““M” and 
9, will release the pressure on the carbons U, U’, thereby 
increasing their resistance and cutting down the voltage 
impressed on the lamps to compensate for the slight rise 
in voltage. 

A decrease in the voltage impressed across the lamps 
will cause just the reverse action, the current through 
the multiplier coil 18 will decrease slightly, allowing its 
plunger to fall a trifle and the pressure on the carbon 
pile “V” will be slightly decreased, increasing its resist- 
ance. The increase of this resistance, which is in series 
with the main coi 17, will cause the current through that 
coil to be decreased and with the decrease in magnetism 
of that coil, will allow its plunger to fall slowly. This 
motion being transmitted through the levers “M” and 9 
will increase the pressure on the carbon piles U, U’, 
decreasing their resistance and thereby allowing the volt- 
age impressed across the lamps to be slightly increased 
to compensate for the fall in lamp voltage. In this man- 
ner the lamp voltage is maintained practically constant 
at all times and the multiplier coil 18 makes the action of 
the main coil 17 very sensitive to slight variations in 
lamp voltage. 

Short Circuiting Carbon Pile. 

Another auxiliary carbon pile “T” is added at the 
lower right hand corner of the panel board, Fig. 220, 
and this is composed of six carbon discs. The circuit of 
this pile is normally open but when the lamp voltage 
falls below normal, this pile is automatically connected 
in parallel with the main carbon pile, short circuiting it 
so that the resistance in the lamp circuit will then oe 
reduced to a minimum. The pressure on the pile “T” 
produced by the lever “G,” which also serves to ae 
contact with the brush “A,” connecting the short cir- 
cuiting pile “T” in parallel with the main carbon pile at 
the proper time. 

Action of the Regulator. 

When the lamp voltage is slightly below the full set- 
ting of the regulator, as when the car is at rest, the main 
carbon pile of the regulator will be short circuited by the 
pixiliary catpons piles ly phe levers *G™ has ‘been 
swung over to the left by the action of the main plunger 
being lowered in the coil 17; this causes the contact block 
“B” to bear against the brush “A,” making a wiping con- 
tact and fonteciine the carbon pile id ike which has very 
low resistance, in parallel with the main carbon pile 
UY. 

After the train gets up to speed and the automatic 
switch cuts in, the generator voltage, rising so as to 
charge the battery, increases the lamp voltage slightly 
above normal. The multiplier coil 18, then compresses 
its carbon pile “V” and allows the current through the 
main coil 17 to increase and this pulls up its plunger and 
raises the horizontal lever “M” slightly off the stop 
“W.” Up to this time the carbon piles U, U’ have been 
very strongly compressed by the weight of the plunger 
acting through the lever “M,” so that their resistance has 
been a minimum. As the lever “M” rises slightly off the 
stop “W,” it will cause the pin 13 to move to the right 
and tend to allow the lever 9 to lessen its pressure on the 
main carbon piles U, U’. The pressure of the spring “J” 
against the lever “G,” however, forces the pivot pin 15 
to the left as the pin 13 is moved to the right, so that the 
pin 14 will remain stationary and the maximum pressure 
be maintained on the carbon piles U, U’, as the lever 
“M” is first raised. 

As the pin 15 is allowed to move to ine left the spring 
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“J” forces the lower end of the lever “G” to the right. 
This releases its pressure against the brush “A” and 
lever “P,” so as to decrease the pressure on the carbon 
pile “T” and this gradually increases the resistance of 
the short circuiting carbon pile “T.” The movement of 
the spring “J,” however, soon forces the lever “G” 
against the lock nut at the right side of this lever and 
prevents further motion of “G.’’ Meanwhile, however, 
the contact of the brush “A” on the block “B” has been 
broken so that the circuit of the carbon pile “T” is now 
completely opened by the spring “J”; the pin 15 then 
becomes stationary and acts as a fulcrum for the lever,9. 

Then as the generator voltage rises slightly higher, 
and the lever ‘“M” is further raised by action of the mul- 
tiplier coil 18 and main coil 17, the pin 13 will be moved 
still further to the right. Since the bearing pin 15 is now 
stationary, this will cause the pin 14 to move slightly to 
the right, decreasing the pressure on the main carbon 
piles U, U’. A further increase in train speed and rise 
in generator voltage will cause the lever “M” to be 
raised still higher and still further lessen the pressure on 
the main carbon piles, thus increasing their resistance so 
as to compensate for the rise in generator voltage and 
maintain constant voltage on the lamps. 

On decrease in train speed the reverse operation takes 
place. The lever “M”’ falls gradually, thereby increasing 
the pressure on the main carbon piles U, U’, which de- 
creased their resistance and maintains lamp voltage con- 
stant. As the train speed and generator voltage contin- 
ues to decrease, the lever “M”’ will be gradually lowered 
until maximum pressure is brought on the carbon piles 
U, U’. The pin 14 will then become stationary and as 
the pin 13 is moved still further to the left by falling of 
the lever “M,” this will cause the pin 15 to be moved 
slightly to the right. Since the lever “G” is pivoted at 
the point 16, a movement of the pin 15 to the right will 
cause the lower end of the lever “G” to move to the left, 
bringing the contact block “B” against the brush “A,” 
and connecting the carbon pile “T” across the terminals 
of the main carbon pile. A further decrease in train 
speed and generator voltage will allow the lever “M”’ to 
fall until it bears against the stop “W” and this motion 
being transmitted through the levers will cause the lower 
end of the lever “G” to be forced strongly over to the 
left, solidly compressing the carbon pile “T,” thereby 
making practically a dead short circuit across the ter- 
minals of the main regulator carbon piles U, U’, and 
allowing the lamps to receive the full battery voltage, 
provided this does not excel the normal lamp voltage. 


Setting the Regulator. 


The adjustment of the main lamp regulator is purely 
a mechanical operation and has no reference whatever to 
voltage or current; therefore, this can best be done while 
the equipment is at rest in the yard. First relieve pres- 
sure on the main carbon pile by blocking the lever “M”’ 
up about 1 inch above its stop ‘“W.” This will relieve 
pressure on the main carbon pile and at the same time 
open the contact between “A” and “B” at the lower end 
of the lever ““G.” The short circuiting carbon pile and its 
contacts should be adjusted first. To do this, remove the 
tension spring 11 from the stud “D,” then unlock the nut 
“E” and turn the stud “D,” which forms the stop for the 
lever “P” until the brush “A” makes a full surface con- 
tact on the contact block “B” when the lever “G” is 
pulled to the left by hand. This contact should be slight- 
ly stronger on the toe than on the heel of the brush “A,” 
so that when the contact is closed by hand the lamina- 
tions of the brush “A” will open slightly and each make 
a good wiping contact on the block “B.’ Then lock the 
stud “D” with the nut “E” and replace the spring 11 
which tends to open up the carbon pile “T.” 
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Then re-adjust the stud “F” until the block “B” is 
exactly 1/16 inch from the tip of the brush “A.” Next, 
by means of the cap screw “N,” adjust the short circuit- 
ing carbon pile “T” so that with the carbon plates nor- 
mally in loose contact, the brush “A”’ can be pulled to the 
left just 1/32 inch, this making a total space between 
the tip of the brush “A” and contact block “B” of 3/32 
inch when the brush “A” is pulled strongly by hand to 
the left. These distances of 1/16 inch and 3/32 inch can 
very easily be measured by means of a special gauge, as 
shown in Fig. 221. The nut “N” can then be locked by 
tightening the nut “O.” 

The spring “J,” which controls the degree of compres- 


Fig. 221. 


Special Gage for Setting the Regulator. 


sion reached in the main carbon piles U, U’, should then 
be adjusted. This spring should be compressed until the 
distance between the lever “G” and the washer “XK” 
measures approximately 13g inches. By locking the nuts 
H’ and H” together the spring can be held in this posi- 
tion. 

Now allow the lever “M” to return to its lowest posi- 
tion against the stop “W” and by means of the cap 
screws K and K’, compress the main carbon piles U, U’ 
until the auxiliary carbon pile “T” at the bottom of the 
board is under full compression. This can best be deter- 
mined by feeling of the carbons of the pile “T” and 
when it becomes difficult to slide one of these carbons 
vertically in the pile, the pile may be then considered 
tight. Even then, however, it may be possible to twist 
the whole carbon pile “T,” as it is simply held between 
two pivot points, and this movement of the pile must not 
be confused with the vertically sliding of one of the 
discs. 

The lever “M” will in most cases be caused to rise off 
the stop “W” when the piles “U” and “T” are fully com- 
pressed, but this is not absolutely necessary. It has been 
customary in the past to adjust the pressure on the car- 
bon piles U, U’, by tightening up on the cap screws “K” 
and K’ until the pressure on the carbons causes the lever 
“M” to be lifted off the stop “W.” This, however, will 
put an unnecessarily great strain on all the levers and 
lever pins of the regulator and will put more pressure on 
the carbons than is necessary. The main point is to 
tighten the cap screws K, K’ until the short circuiting 
carbon pile “T” is tight. 

The equalizing lever ““Y” should be kept as nearly ver- 
tical as possible by dividing the adjustment between the 
two screws K, K’. After these screws have been prop- . 
erly adjusted they should be locked in place by means of 
the lock nttts) siasand 1:7; 


Adjusting the Multiplier. 


In adjusting the multiplier the stud “C” should be set 
so that the lever “Z”’ comes down to within approxi- 
mately % inch from the magnet frame W’. Enough car- 
bon discs should be placed in the carbon pile “V” to per- 
mit full compression of the pile by approximately 3 
inch upward movement of the lever “Z,” and at the same 
time allow the pile to be entirely released when. the lever. 
is in its lowest position. The lamp voltage may be raised 
or lowered by moving the balancing weights Q, Q’ to the 
left or right, respectively, Moving these weights to the 
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left, will add to the weight of the plunger and require a 
higher voltage to lift them; moving them to the right, 
will decrease the effective weight of the plunger and 
allow a lower lamp voltage to raise the plunger. This 
adjustment covers a range of 2 volts on a 30-volt regula- 
tor, and 4 volts on a 60-volt regulator. Moving the 
weights from the center to the left end will raise the 
amp voltage 1 volt and moving them from the center to 
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Prevent Corrosion of Battery Connector. 


Trouble is often caused by acid creeping up under the 
lead terminals and corroding the wire between the con- 
‘nector and the insulation. We are using a crimper to 
‘shrink the lead onto the insulation at the neck of the 
terminal. This makes practically an acid proof joint 
between the lead and the rubber insulation. 


Sketch and Dimensions of a Crimper for Making An Acid 
Free Joint Between the Left Terminal and the Rubber Insula- 
on. 


The crimper is constructed of two pieces of steel 
notched at the bottom as shown in the accompanying 
sketch. The two halves are pressed together in an ordi- 
nary vise after the terminal has been inserted. A 5% in. 
hole is drilled 14 in. into the inner faces of both pieces, 
as shown in the sketch. A coil spring is inserted be- 
tween the two halves which, when the crimper is re- 
moved from the vise, forces the jaws open and allows 
the terminal to be removed. 

The hole into which the terminal is placed is tapered 
from 5% to 44 in., making the neck of the terminal with- 
out forming a shoulder and is very uniform. 

M. F,. Hand (Santa Fe), Topeka, Kans. 


Moulds for Applying Leads to Battery Posts. 


Take a piece of either gas or steam pipe with the 
Same inside diameter as the outside diameter of stand- 
ard positive and negative post. Cut rings to height 
of the post desired above cover and taper it by use 
of mandrel to same taper as standard post. Center 
punch mark the bottom of each ring to designate 
same, and slot each ring to allow for the wire. Then 
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the right end, will lower the lamp voltage 1 volt. Ifa 
further alteration of the lamp voltage is required, it may 
be accomplished by adding weights “R’” or removing 
them from the dash pot piston “S.” The lead weights 
sent out with the regulator will make an increase of ap- 
proximately 1 volt for each weight, added to the piston, 
in the case of the 30-volt regulator, and nearly 2 volts 
for each weight added on a 60-volt regulator. 
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place the rings over the post and twist piece of ball 
asbestos around bottom of ring. Now fill the ring 
with hot solder by use of a flame and insert the 
wire. When the metal has cooled remove the rings. 
This makes the posts standard throughout the set 
of batteries and saves considerable time. The rings 
are very easily removed after being used once or 
twice. Chas. W. T. Stuart, Philadelphia. 


Operating Electric Truck by Batteries Being Hauled. 

In order to save the batteries of an electric truck, 
which are usually of relatively small capacity as com- 
pared to car lighting batteries, it is often convenient to 
drive the truck from the batteries which are being 
hauled. The connections in the accompanying figure 
show how this may be done. 

This scheme is exceptionally valuable at points where 
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Sketch Showing Wiring Connection for Operating an Electric 
Truck from Car Lighting Batteries Being Hautled. 


only one truck is available or no extra batteries are on 
hand when the operating set becomes exhausted, or it 
may be used merely as an emergency connection to be 
used in case the truck batteries fail. 

All that is needed extra is a single pole double throw 
switch with two lengths of wire fitted with Westing- 
house hand connectors for connecting to the battery 
being hauled. 

Charles W. T. Stuart, Penn R. R. 


Truing Car Lighting Armature. 

It often happens that when a car hghting armature 
is set up in a lathe to turn the commutator, the pulley 
end center is found to be out of true. It takes some 
time to true up the center, and chances are that it 
will be out again when the armature comes in for 
another repair. 

To save the time necessary to true up the centers, 
we have designed a rig which is made up as follows: 
Take a piece of steel % in. x 5 in. x 12 in. which may 
be tapered at the ends to reduce the weight. In the 
center of this piece of steel drill a “hole just large 
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enough so that it will slip over the commutator end 
of the shaft. In each end of this piece of steel drill 
a hole for a %4 in. bolt. Next make a wooden clamp 
to clamp on the end of the shaft and tighten with wing 
nuts. 

(This rig is used as follows: Slip the steel plate 
over the shaft and fasten the wooden clamp on the 
end. Next place the armature in the lathe between the 
center with the commutator end toward the head of 
the lathe, then press the plate up against the wooden 
clamp and pass % in. bolts through the ends of the 
plate and the face plate and draw up tight. Now 
place the steady rest under pulley end of the shaft 
and withdraw the tailstock center; everything is now 
ready for truing the commutator. 

To avoid any danger of the wooden clamp sliding 
and allowing the armature to back off the center, we 
use a flat end center in the tailstock and bring this 
close to the end of the shaft. 

Mr. C. B, Jennings, 
Topeka, Kans. 


Drills for Tapping. 


Men who only occasionally have to drill holes to be 
tapped out are usually at a loss to know what size drill 
to use for a given tap. 

For the convenience of our men, I made out the fol- 
lowing table, stamped it on a brass plate and screwed 
it to the wall near the drill press: 


Pipe Tats. 
Pipe Size. Tap Drill. Body Drill. 
L/S Etats neo Seen a I BY Pies 6 eR ones ee eee 7/16 
ly fe WS Soe eee Doane ree O/B 2c recees ee aetna 19/32 
By (Ce es en te ie OB ick oe ie eee eee 2/4 
BD ee Ae. ae Beet 117 16 eee ees 7/8 
He Pheer ee Se laser PAY MSY teeta eae ae ae ee sae 1/26 

a RY 5, STO Te Bee Le 39 [G42 0 Soe Seren ees EY TAi6 
it W/L Nc re pee era) tee Sons HORS WDA ee ee Ron ee Pere ted 1 3/4 
UE 2, bo eee see ee tie Tt 23/32 ee are ee eee 2 
a Ss RA See Ae oe Ie 2y 1301 6 is eae eee 2 13/32 
Py fi ok eR ABE. ie acts PAM) fc Ree tier Seer Pee Poe te 2 15/16 

Machine Serew Taps. 

Screw. Tap Drill. Body Drill. 
IA = 33 (heen Reena one ee Nas Bf e274 12 Be ee eee 1/8 -33 
Gant eek Rae ae Ste if C4= S35 ea See, ee eee 9/64-28 
BP ee ae dees Ree 9/G4-28 25 rh eee eee 11/64-17 

LOH) dee Lite n Oe 5/S2=23 40 eee ee ee 13/64-6 
BARS Er ee epee ay Ree la LL / C415 Coot ees eee 15/64-1 
MENU Ne LEI ce aes See pe gee S/lG=10 See eee 1/4 
SRN Boe ekashee eneee skew eee 3 /G4=4) <2 eS eee ee 9/32 
PAI of aa ees ete) EA AT [C4 Van Sees. eee Lee ee 11/32 

ijh= 20s ee Cees fe EEN ee 13/64-9) 2 Stee ee eee 17/64 

Lay AL Oe 0 ene Ck em PS LAO! fi Ss sls ee Bene 21/64 

Screw. Tap Drill. 
3 / Sia. Gee cates ones 2 ee eee 19/64 
UNG 14 ee eee Oe ee 11/32 
DY CRONE Es See Eo ig as he 13/32 
B/S ca 1s Seren ee ee Se A ne oe 1/2 
oy Ai =O ees St ei eee 5/8 
(URSIN See ah ee oe Me we Po 3/4 
il st oA ee ee ee ae Ek 27/32 
gL L/S iT gee Seite ao ae ee ee 15/16 
RAV AT iy he BOO e ee a ee eae 11/16 


The first column gives the size of the tap and in case 
of the machine screws the number of threads per inch 
also. The second column gives the tap drill or size 
drill to use if you wish to tap out the hole. The third 
column gives the body drill or size drill to use if you 
wish the screw to slip through the hole. 

_ Where the screw sizes are given in fractions of an 
inch, as 14, 75, etc., the body drill size is omitted as 
that would, of course, be one size larger than the 
screw. 
C. B. Jennings, 
Topeka, Kan. 
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Charging & Discharging a Battery at the Same Time. 

While discharging a set of batteries the voltage of one 
or more cells may indicate that they are in a discharged 
condition, while that of the others may indicate that they 
are only one-half discharged. Instead of cutting out 
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Ajustable Res/stonce 


Battery Connections for Charging and Discharging. 


these dead cells and charging them separately, connec- 
tions such as indicated in the accompanying sketch can 
be made so that the low cells can be placed on charge 
without interruption to the discharge of the rest of the 
battery. This will save much time if only a small pro- 
portion of the cells have to be charged in this way. 
Charles W. T. Stuart, Penn R. R. 


Protecting Cables and Conduit from Moisture. 

It very often happens that where a cable passes from 
an outlet box into an underground conduit that con- 
siderable difficulty is met with because of moisture 
collecting in the conduit and injuring the cable. This 
trouble was experienced with an installation in which 
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Water-tight Conduit Plug. 


the cable passes from a clay conduit into a cast iron 
conduit passing under a river to an electric swing 
bridge. Although all connections were maintained — 
water tight, moist air left a collection of water in the 
cast iron conduit. This trouble was remedied as fol- 
lows: | 
The space between the cable and the cast iron con- 
duit where it enters the outlet box was plugged up ° 
with waste and asphalt bitumin was then poured in 
so as to seal this end of the conduit as shown in the 
sketch. This effectively prevented moist air from en- 
tering and all trouble from this source was eliminated. 
J. G. Koppel, Elec. Supt. of Bridges. 
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Bertram Smith Appointed Detroit Manager Edison 
Storage Battery Co. 

Mr. Bertram Smith, well-known in the storage bat- 
tery business for the past fifteen years, has been ap- 
pointed manager of the Detroit office of the Edison 
Storage Battery Company. About a year and a half 


Bertram Smith. 


ago Mr. Smith joined the Edison interests as assist- 
ant manager of the Edison Storage Battery Supply 
Company of San Francisco, the distributor for the 
Edison Nickel-Iron-Alkaline Battery on the Pacific 
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Coast. Directly previous to his connection with the 
Edison Company he was manager of the battery de- 
partment in the Chicago Branch of the United States 
Light and Heating Company. He was formerly sec- 
retary and treasurer of the National Battery Com- 
pany of Buffalo until its consolidation with the 
United States Light and Heating Company. In taking 
up his new duties in Detroit, therefore, he is return- 
ing to familiar territory. In order to better serve its 
customers in eastern Michigan as well as Ohio and 
adjoining territory the Edison Storage Battery Com- 
pany recently moved its Cleveland office to Detroit 
where it has located in the new David Whitney build- 
ing on Woodward avenue. The appointment of Mr. 
Smith as manager, together with the company’s rap- 
idly growing business in this section is expected to 
make the Detroit office one of the most important 
branches. 


The Cruise of the ‘““Nomad.” 


It was a gay party that pulled away from the wharf 
of the Chicago Yacht Club on the beautiful afternoon 
of August 10th. Skipper G. H. Atkin, in his good ship 
“Nomad,” by the grace of the “Weather God,” saw to 
it that all had a most enjoyable time. 


The day was perfect for a sail, the weather being 
fresh and fair and a breeze that would delight any 
sailor’s heart or even a railroad man’s, and as the ship 
plowed easily through the bounding billows Messrs. 
Beck and Wray, on a mandolin and guitar, gladdened 
the hearts of all on board with their sweet harmonies 
played to the time of the spanking waves. The rough 
water held no terror for the railroad men, as their expe- 
rience on their own roadbeds has been all too good. But 
railroad men were not the only ones favored for as lake 
transportation cannot hide behind the rulings of the Inter- 
state Commerce Commission, free passes were allowed 
to all on board. 


The Crew of the Good Ship ‘‘Nomad.” 
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The excursion remained within the confines of Illi- 
nois, but rumor has it that the buffet car was on the 
job. At 6 o’clock the dining car was cut off at the 
Chicago Yacht Club and all agree that lake air is a 
great appetizer. 

The fortunate ones were G. H. Atkin, H. M. Beck 
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and R. T. Milton of the E: S. B. Co;- Co RY-Gilmanver 
the St. Paul, H. G. Myers and “Alex” Voigt, Santa 
Fe, “Bob” Pachaly, Rock Island; J: H: Burehamia@: 
& E. I., and Messrs. O. R. Shorthall and Phinney of the 
Northwestern, and Edward Wray of the RAtLway 
ELECTRICAL ENGINEER. © 
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Test on Pole Guy Anchors at Cleveland, Ohio. 

The Faultless Anchor Company of Fostoria, Ohio, 
made general announcements that a test of their an- 
chors would be made in Cleveland, August 9th. These 
tests were carried over to the 10th on account of the 
necessity of securing heavier pulling tackle to thor- 
oughly test the larger anchors. 

The test was witnessed by a large number of repre- 
sentative electrical men, including Messrs. McCarty, 
superintendent of construction, and Spangler, inspector 
of pole line construction, of the Cleveland Bell Tele- 
phone Company, and Messrs. Sharp, superintendent of 
construction, and Richardson, pole line supervisor, of 
the Western Union Telegraph Company; Mr. Burgess, 
superintendent of the overhead construction of the 
Cleveland Illuminating Company, and Mr. Pearson, 
foreman of construction of the Ohio State Telephone 
Company. 

The object of the test was to obtain data bearing 
upon the holding strain of mechanical anchors, and sec- 
ond, to determine the ultimate or necessary strain re- 
quired to break or pull the anchor from the ground. 

The load was applied to the anchors by connecting 
them through a dynamometer with a double set of 
large blocks and a heavy duty chain fall to a heavily 
guyed pole of normal height. A substantial initial 
strain was first applied and a mark made on the anchor 
rod to indicate its initial position. The creeping of the 
rod was measured from this initial mark. The load was 
added in increments of from 500 to 1,500 pounds. 
Measurements for creep were made between each load- 
ing. An interval of five minutes without pull was 
allowed between each load. 

The results of these Faultless anchors were as fol- 
lows: 


Test No. 1—¥% inch rod, 2 blade, 16 inch spread 
anchor, held without creep at 5,500 pounds. This an- 
chor made a very remarkable showing in that the next 
load added pulled its rod apart at 6,600 pounds. 


Test No. 2—5¢ inch rod, 2 blade, 18 inch spread 
anchor, held without creep at 4,800 pounds, when one 
blade broke due to a flaw in casting. The capacity of 
this anchor is said to be about 9,000 pounds. 


Test No. 3—34 inch rod, 3 blade, 18 inch spread 
anchor, held without creep at 12.800 pounds. The 
blades of this anchor bent down at 13,200 pounds. 


Test No. 4—1 inch rod, 4 blade, 24 inch spread an- 
chor, blades bent down at 15,200 pounds without creep. 
This anchor is a late addition to the line, intended to 
hold without creep at 16,000 pounds, for dead end and 
cable strain service..This is said to be the first test of 
this very large anchor and proved quite conclusively 
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that more metal is required in the fins. This change 
is being made. 

The basic principle of this new Faultless ancor is con- 
siderably different from that of other makes on the mar- 
ket. It depends primarily upon virgin or undisturbed 
earth to hold it in the ground. The very large holding 
surface which it presents to undisturbed soil eliminates 
tendency to creep. This anchor may be installed in 
virgin soil in a very short time. 


Mine Locomotives. 


The increasing output of many mines has rendered 
it necessary to equip with locomotives of relatively 
large capacity, capable of handling heavy trips over 
steep grades and for long hauls. For this class of 
service there have been built a number of 3-motor, 
15 and 20-ton locomotives. The 20-ton unit com- 
bines some unusual features in design and construc- 
tion. The body is made of rolled steel, each side frame 
being cut from a solid rolled steel slab, while steel 
slabs in conjunction with steel channels are used for 
the end frames. The three driving motors are each 
rated at 85 hp. and are of the split frame type. These 
particular locomotives were built for 42-in. gauge but 
the same construction and capacity can be utilized for 
a minimum of 36-in. gauge. 

There has been a definite increased demand for the 
storage battery type of locomotive for gathering 
work, as it has been demonstrated that in this service 
each locomotive will effectively displace at least two 
or three mules. Heavy units are not as a rule re- 
quired, and the locomotives of this class so far pro- 
vided have been rated at from 3 to 7 tons. Most of 
these are of the straight storage battery type; but a 
limited number have, in addition, been equipped so 
that they can operate from a trolley wire when in 
the main headings of a mine. The advantages of this 
arrangement are obvious in that by means of a small 
self-contained motor-generator set, the battery may 
be automatically charged while the Jocomotive is 
running on the trolley. When the locomotive is work- 
ing in the rooms gathering the cars, a varying per- 
centage of the battery charge will be consumed, but 
as soon as the locomotive is again operated on the 
trolley, these losses are automatically compensated 
for. With this dual system of operation, the battery 
need never be entirely discharged; and if space limita- 
tions are severe, it permits the use of a smaller battery 
than would otherwise be necessary. A General Elec- 
tric machine of this type has been in operation in a 
West Virginia mine for a period of about six months. 
It runs on a 42-in. gauge track and its overall height 
does not exceed 30 in. 
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Electric Arc Welding. 

A most interesting and valuable booklet entitled 
Electric Arc Welding, has been prepared by the Lin- 
coln Electric Company of Cleveland, Ohio, which gives 
the underlying principles of arc welding practice. The 
author treats with the most fundamental principles 
of welding and explains how the electric arc may be 
used for this purpose. The advantages of the electric 
arc welding are discussed at length and considerable 
space is devoted to the methods which may be used 
to weld different kinds of metals by this method. A 
large number of interesting illustrations show how 
special jobs have been completed. It is shown how 
the electric arc may be used in production such as 
welding castings to other metals, welding tank seams, 
etc. Defective castings are also easily repaired and 
broken parts are mended by this method. 

The types of machines which are used on these vari- 
ous jobs are described and questions which are often 
asked about arc welding are answered in a special 
section. 


Direct-Reading Device for Computing Characteristics 
of Vacuum Tungsten Lamps. 


It is well known that a change in the voltage ap- 
plied to the terminals of an incandescent lamp changes 
the candlepower, current, and in consequence the wat- 
tage (watts-volts X amperes) and the watts per 
candle. If these changes are followed from point to 
point, relations among the variables may be found and 
plotted as characteristic curves. The equations of 
these characteristic curves for tungsten lainps have 
been found by the Bureau of Standards, Department 
of Commerce, and a special application of these equa- 
tions has been made in a device which gives a solution 
of problems involving voltage, candlepower, and watts 
per candle. 

In this device the volt scale is movable, and, by 
setting it to the other scales at a point corresponding 
to the observed watts per candle, values of per cent 
candlepower and of actual watts per candle may be 
read directly from the proper scales, or the converse 
problems may be solved. Use of this device results 
in a decided saving of time when compared with 
other methods of characteristic evaluation. In con- 
nection with the device are given tables of values used 
in its construction and practical examples illustrating 
scale settings. ; 

The report upon this subject, just issued, has been 
designated Scientific Paper No. 253 and copies may 
be obtained without charge upon application to the 
Bureau of Standards, Washington, D. C. 
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Railroads to Increase Their Dispatching Facilities. 

The Illinois Central and Atlanta and West Point 
Railroads are planning to add additional equipment to 
their train dispatching facilities. The plans of the 
Illinois Central call for ten complete stations which 
will be cut in, in addition to the fifty which they have 
had in service since January. 

The plans of the Atlanta and West Point Railroad 
call for 13 complete stations which will be added to 
the 30 the company has had in operation since early 
Fall. The equipment in both cases will be furnished 
by the Western Electric Company. 


Additions to Condulet Line. 

Condulets, Bulletin No. 1000C is the title of a 6x9- 
inch, 32-page supplement to Condulets, Catalog No. 
1000 that has just been issued by the Crouse-Hinds 
Company. This bulletin illustrates, describes and 
lists many new types and styles of Condulets and Con- 
dulet accessories, besides numerous additional sizes 
of older forms of Condulets. It is a book that should 
be exceedingly valuable to those who are at all inter- 
ested in Conduit installations. 


S. K. F. Ball Bearing Co. Notes. 

The S. K. F. Ball Bearing Company have been obliged 
to greatly increase their office space in the Hudson 
Terminal Building. Within the last four months they 
have about doubled their offices, so that they now occupy 
a full wing on the 6th floor of the Hudson Terminal 
Building, 50 Church St., New York. 

This company is the only ball bearing company im- 
porting bearings from Europe that has not been inter- 
fered with by the war. Sweden, being a neutral country, 
is enabled to send large and regular shipments via Nor- 
way and Denmark without entering the war zone. 

These Swedish imported ball bearings are now very 
much in demand on account of the high grade of the 
material and workmanship. The bearings are made in 
Gothenburg in a model factory employing 3,000 hands, 
engaged exclusively in the manufacture of S. K. F. 
Ball Bearings. 


New Portland Quarters for the Western Electric 
Company. 

Expansive business growth has caused the Western 
Electric Company to give up its old quarters at Port- 
land, Oregon. Since 1910 the Company has been lo- 
cated on Fifth Street, but has now moved into a new 
two-story brick and concrete building which has been 
made ready for them at East Ash and Union Streets. 
The building with efficiently designed shipping, re- 
ceiving and warehousing facilities is one of the most 
modern of its kind in the Northwest. 


Twelve Stories of Solid Comfort in the 
Heart of New York City 


Hotel York “t:. 


FIRE- 
PROOF 


36th Street, corner 7th Avenue 


Within Ten Minutes’ Walk of 30 Leading Theatres, 
Shops, etc. One Short Block to Broadway. 


Accommodations Better Than Rates Indicate 


Attractive Rooms, $1.50 and $2.00, with Bath Privilege. 
Attractive Rooms, $2.00 to $4.00, with Private Bath. 
Where Two Persons Occupy Same Room, Only One Dollar 
Extra Added to Above Rates. 


H. G. WILLIAMS, Manager 


ELECTRIC Am 


For All Classes of 


This Interesting Booklet About : 
Enclosed Fuses == Sent Free 


on s . ‘It contains 
BERYLITE ; | ae 16 pages of 
Bowls and Reflectors el 


As efficient and as ornamental 
as any glassware available. 
We can heartily recommend 
their use for all installations of 
direct and semi-indirect lighting 
where glassware is suitable. Nite: Forrenemereay 


real informa- 
tion about en- 
closed fuses. 


Every fuse 
user should have 
one. 


Send for new catalog. 


In addition to the above, we carry a complete stock in Chicago, for 
dulets, linemen’s tools, pole line material, glassware, reflectors, incan- 


Special car material, such as car switches, distributing boxes, switch- 
If it’s electrical, we are in position to furnish it. 


INQUIRIES AND ORDERS 


Central Electric Company 


“The House of Service” 
320-326 So. Fifth Avenue 


CHICAGO 


October, 1915. 
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Railway Electrical Engi- 
meer Under New 
Management 


Electrical men of the steam railroads, as well as me- 
chanical officials concerned with electrical equipment 
in railroad operation, will be interested in learning of 
the recent purchase of the Ramway ELECTRICAL. ENGI- 
NEER by the Simmons-Boardman Publishing Com- 
pany, publishers of the Ramway AGE GazeErTTE, the Src- 
NAL ENGINEER and the RAttway AGE GAZETTE, ME- 
CHANICAL EDITION. 

This change of ownership and management will 
not mean any lessening of the activities of the RAm- 
way EvecrricaL ENGINEER in this very important field. 


RAILWAY ELECTRICAL ENGINEER 


some of the equipment can justify or explain. 
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It will be continued as a separate publication, and, 
with the greatly increased facilities afforded by the 
large technical staff of the Simmons-Boardman Pub- 
lishing Company’s organization, together with the 
present staff of the RAtLwAy ELECTRICAL ENGINEER, the 
ability of this journal to serve its particular neld will 
be greatly increased. 

Beginning with the November issue, the RAmLWway 
ELECTRICAL ENGINEER will be published by its new own- 
er in New York. Mr. Edward Wray, former pub- 
lisher of the RAILWAY ELECTRICAL ENGINEER, will be lo- 
cated at the New York office of this company and will 
continue his connection with the paper as business 
manager. 

Although this publication will no longer carry the 
title “Official Journal’ of the Association of Railway 
Electrical Engineers, its activities in the interests of 
this association will be in no way lessened. In fact, 
under its new management the RAILWAy ELECTRICAL EN- 
GINEER will be able to serve this association more effec- 
tively than ever before, and the new management sin- 
cerely hopes to receive the same earnest co-operation 
on the part of the members of the association, both 
individually and collectively, as has been accorded to 
the management which now relinquishes control. 

All of the subjects previously covered in the RAIL- 
Way ELECTRICAL ENGINEER will be dealt with even more 
fully in the future, and this will be especially true of the 
maintenance of heavy electric traction equipment, and 
of electric locomotives and other features pertaining 
to electrification of steam railways. 

There is little doubt in the mind of any far-seeing 
railroad officer that the day of extensive steam rail- 
road electrification is not far distant. Accordingly, 
the contents of a journal devoted to the problems of 
men concerned with the uses of electricity on railroads 
and with the care and operation of electric equipment 
should excite unusual interest on the part of higher 
railroad officials as well as on the part of men direct- 
ly engaged in electrical work. 


Standardization of Travele 
ing Crane Motors 


The work of the committee on Standardization of 
Traveling Crane Motors has brought to light a situa- 
tion that seems to have been somewhat neglected in 
the past. From a large amount of information fur- 
nished by practically all of the big railroads in the 
country, it has been determined that there is a rather 
chaotic situation existing 1n crane motor equipment 
of railroad repair shops. 

This committee shows that between the capacities 
of 1 ton to 150 tons there are 25 different crane sizes 
employed—a situation which only the extreme age of 
Cer- 
tainly the requirements of all modern shops can be 
taken care of by a considerably smaller number of 
crane sizes and it is interesting to note that the com- 
mittee has reduced this number from 25 to 6. 

This is the first important step in the standardiza- 
tion of crane motors. The next is that of establishing 
some rational operating speeds as standard. This, of 
course, involves the personal equation of the railroad 
officials assigned the work of laying out a new: shop, 
but judging from the wide divergence of operating 
crane speeds performing the same function, altogether 
too much of the “personal equation” has entered into 
the problem heretofore. It is interesting to note the 
uniformity of the manufacturers’ recommendations as 
outlined by the committee. 


122 


Having crane sizes reduced to a minimum and 
operating speeds standardized, standard motor sizes 
follow automatically, and with the earnest co-opera- 
tion of both crane and motor manufacturers, which 
the movement has already received, it should be pos- 
sible to standardize on overall motor outline, motor 
pedestal templates, motor shafts and key-ways, so that 
in case of emergency a standard motor of the proper 


RAILWAY ELECTRICAL ENGINEER 


Vol. 7, Novos 


size may be installed temporarily in connection with 
any type of crane. The successful working .out of 
this big problem will perform a great service in the 
interests of economy of operation, as well as first 
cost and maintenance of shop traveling cranes and at 
the same time will relieve railroad companies from 
carrying a vast assortment of spare crane motor sizes 
and makes in order to guard against break downs. 


Eighth Annual Convention 


Yl 


‘S) 8 =<JS 9 


October 18-22, Hotel La Salle, Chicago - 


The Association of Railway Electrical Engineers assumes no responsibility for the individual 
views of its members on the various topics and disavows any action taken on the various sub- 


jects except such action as is taken in due course and accordance with the constitution. 
J. A. Andreucetti, Sec.-Treas. Association Railway Electrical Engineers. 


Comumittee Stancards 


A joint meeting of the members of the A. R. E. E. 
Committee on Standards and the Train Lighting Com- 
mittee of the M. C. B. Association was held in New 
York City, February 18 and 19, 1915. The result of this 
joint meeting was submitted to the members of the M. 
C. B. on letter ballot. In view of the fact that the re- 
sults of this letter ballot were not at hand when this 
report was made out, it was thought best by your chair- 
man not to call a meeting until results of ballot were known. 

The joint committee recommended that—First: Changes 
be made in regard to placing fuses as close as possible to 
the generator. Second: The dimensions of battery boxes be 
changed by reducing the distance from front to back three 


Exhibit ‘‘D” 


inches. The 1914 recommendations called for a depth of 
twenty-eight inches. It is now recommended to make 
the depth twenty-five inches. Third: That on all new or 
remodeled generators for car lighting having armature 
shafts 15¢ ins. or over in diameter be provided with a taper 
pulley fit of 1% ins. in 12 ins. Fourth: That on armature 
shafts less than 15¢ ins. diameter the pulley fit be 34 ins. 
in 12 ins. Fifth: That on ball bearing or roller bearing 
generators the bearing size known as No. 412 be used. 
Sixth: That all wiring in cars for electric lighting to run 
in conduit. Seventh: That the generator pulley need not 
be perforated. 


For the information of our members, the Chairman of 
your committee wishes to call to your attention that all 
the members of the M. C. B. Train Lighting Committee 


were not favorable to the recommendation in regard to 
the 1%-in. taper fit, or the location of the web in the 
dynamo pulley. 

The recommendation of the A. R. E. E. Committee on Stand- 
ards, October, 1913, submitting a taper fit of 34 in. in 12, 
page 124. Armature pulley 8 ins. diameter, page 125, and 
11-in. pulley on page 126; both pulleys having 34 in. in 12 
taper fit, were adopted by the association. There was also 
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Exnibi tic, 


submitted a design for pulley and pulley fit, having 1% 
In. in 12 taper fit, the same as originally submitted at the 
semi-annual convention, 1912, which is approximately the 
same as was submitted to the M. C. B. for letter ballot. 

It is very evident our members in voting on these rec- 
ommendations did not read carefully the last two lines 
on page 126, 1914 Proceedings, which were as follows: 

“Exhibits D, E, F and G are presented for discussion as 
to adopting one of them for standard armature shaft fit and 
one for generator pulley fit.” 

The members voted to accept all of them instead of only 
one. 

in order to correct this error, your committee again 
presented to the association their recommendations. The 
committee report was accepted with instructions to hold a 
joint meeting with the M. C. B. Train Lighting Committee, 
which was held in New York, February 18 and 19, 1915. 

Under date of March 20, 1914, the chairman of your 
committee received a copy of a letter sent to the chair-. 
man of the M. C. B. Committee from Mr. Bliss protest- 
ing against the 1%-in. taper fit, and giving reasons for the 
34-in. taper fit. y 

Under date of November 2, 1914, your chairman received 
a letter from Mr. Quinn of the N. & W. R. R., who is also 


October, 1915. 


a member of both committees, regretting the fact that the 
convention has adopted the 1%-in. taper fit. 

Under date of February 25, 1915, your chairman received 
‘a letter from ‘Mr. L. R. Pomeroy, of the U. S. Co., who is 
an authority on mechanical matters, in which he stated that 
the taper fits adopted by the following firms or corpora- 
tions is as stated below: 


SOMATURE PULLEY (Cencennce's wn #444 senarce), 
Exhibit “‘G’’ 
American Railway Elect. Association, General Electric 


Company and eWstinghouse Company, 114 ins. in 12 ins. 
American Locomotive Co., v4 in. in 12 ins. 
Baldwin Loco. Works, .6 in. in 12 ins. 


eek ke tor ‘heat treated piston rods, in 12 ins. 


34 in, 


Great Northern Ry., for heat treated piston rods, % in. 
in 12 ins. Qaeu 

Peewo IN, Hi. & HH. throttle stem, 34 in. in 12 ins. 94 

N. Y. N. H. & H., motion work in double shear, 34 in. in 
12 ins. 

N. Y. N. H. & H., motion work in single shear, 34 in. in 
12 ins. 


Drill Shanks—- 


Morse, 5% in. in 12 ins. 

B. & S., % in. in 12 ins. 

Jones & Reed, .6 in. in 12 ins. 

Sellers, 34 in. in 12 ins. 

14%4-in. taper in 12 ins. is an orphan. 

Under date of April 8, 1914, Mr. Quinn, of the N. & W. 
R. R., called the attention of the chairman of the M. C. B. 
Committee to the fact that we might consistently consider 
the taper fits which are standard with the macuime coo! Dultu- 
ers, confirming the taper fits oe saan and Sharp, also 
Morse & Co., for drill shanks. Quinn’s letter was not 
called to the attention of the ee ee of the M. C. B. 
committee. 

Under date of April 12, the chairman of your committee 
wrote a letter to the chairman of the M. C. B. Commit- 
tee, requesting consideration of the change in location of 
web of generator pulley, so that the proposed pulley could 
be made interchangeable between ball and sleeve bearing 
generators. The chairman also sent drawings for sleeve 
bearing generators having a taper fit of 34 in. in 12 ins, 
to conform with the proposed M. C. B. recommendations 
for sleeve bearing generators—which were not included as 
a part ot the report of the M. C: B. committee. 

The chairman of your committee has gone into this sub- 
ject very thoroughly and would like to bring before the 
members of our association the fact that all armature shafts 
1% ins. or larger in diameter, at inside end of pulley fit, 
can be made to fit a 34 in. in 12 ins., except the shaft pulley 
fit which is recommended to the M. C. B. As this proposed 
shaft is too small in diameter at end, and is of such a 
taper, a much greater strain is brought against the key. 

It is recommended by a member of the committee that 
the question of adoption of Exhibit G, Proceedings of 1913, 
page 126, be considered. 

Respectfully submitted, 
D. J. Cartwricut, Lehigh Valley R. R., Chairman. 
H. C. Metoy, New York Central (Lines West). 
emcee Ania Bala. (@).. I: uke 
C. H. Ournn, Norfolk & Western Ry. 
F. W. Jansen, lllinois Central Ry. 
Ernest Lunn, Pullman Co. 


Unfavorable Report on Chicago Electrification 

The committee on smoke abatement and electrification of 
railway terminals of the Chicago Association of Commerce 
has decided that the électrification of Chicago’s terminals 
is impractical and impossible to finance. 

The proposed electrified zone contains more than 4,500 
miles of track. over half of which is within the city limits. 
At least 1600- electric locomotives at $40,000 apiece will be 
teauired at 1.500,000 k.w. power house capacity, costing 
- $100.00 per k.w. 
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Committee om Reciprocal 
Relations 


Your committee has had no questions arise during the year 
in which it has been necessary to take the initiative in co- 
operating with the work of other associations. The Associa- 
ton is, however, in certain of its undertakings keeping in 
close touch with the work of other societies. 

The Committee on Standards for Train Lighting is work- 
ing closely with the Committee on Train Lighting Equip- 
ment of the Master Car Builders’ Association, ‘several of the 
members being on both committees. The Committee on 
Illumination has been in communication with the Committee 
on Yards and Terminals of the American Railway Engineer- 
ing Association, and is arranging to furnish that committee 
with the results of the investigation of yard lighting now 
being made by our association. The Illuminating Engineer- 
ing Society has suggested the holding of a joint meeting to 
discuss matters pertaining to railway lighting problems, but 
inasmuch as our association does not hold frequent meetings 
(as is done by the Illuminating Engineering Society) such 
plan has not been feasible. 

The Committee on Wire Crossings was in communica- 
tion with the National Joint Committee on Overhead and 
Underground Line Construction, and endeavored to obtain 
representation on the committee, either officially or unofh- 
cially, but was unable to do so. 

Your committee believes that the greatest value to be 
gained by this association in co-operation with others is in 
matters pertaining to recommendations for standards, specifi- 
cations, etc., and in this connection it is the intention to keep 
in touch with the various associations in reference to such 
matters that are of mutual interest. 

Respectfully submitted, 

Committee on Reciprocal Relations, 
iow bina us cs Os RoR Chairman. 
Jos. A. AnpREuceETTI, C. & N. W. Ry. ° 
J. R. Stoan, Pennsylvania R. R. 


Committee om Loose leat 
Binders 


Your committee has investigated the different types ol 
loose leaf binders on the market, and has selected the one 
that in their judgment is the best for the purpose, it possess- 
ing the following features that were considered desirable: 

(a) Minimum space required for binding. 

(b) Flat opening. 

(c) Will hold securely a few sheets or a greater number 
up to the full capacity of binder. 

(d) Ability to readily insert or remove a sheet at any 
point, without the necessity of disturbing other sheets. 

The committee have also been compiling the information 
to be inserted in these binders—this necessitates a careful 
perusal of the proceedings. This is a long and laborious work, 
and the committee requests that it be given additional time 
to complete this work. 

Respectfully submitted, 
J. R. Stoan, Chairman. 
Jia Wultaspieire, 
T. V. BuCKWALTER. 


Comnamittee on Wire Crosse 
ing Specifications 


Your committee appointed for considering wire crossings 
specifications has endeavored to obtain representation on 
the National Joint Committee on Overhead and Underground 
Line Construction, this representation being refused on the 
ground that the railroad interests are now represented on 
this committee by the following associations: 

Association of Railway Telegraph Superintendents. 

The Railway Signal Association. 

The American Railway Engineering Association. 

American Railway Association. 

And, therefore, the railway companies’ interests were being 
properly looked after, and as the committee was already very 
large, representation by our Association was refused. 

In view of the above facts, your committee would suggest 
that the committee be continued with instructions to keep in 
touch with the wire crossings specification situation and re- 
port to the Association at the proper time the specification 
as finally determined upon by the above mentioned National 
Joint Committee. 


Respectfully submitted,. 
J. R. Sroan, Chairman. 
S. M: Viece. 
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1914 or 1915, 
of the limitations as to the reliability of the information pub- ~ 


in 


lroads and ‘it will be noted that there 
ion. 
There is no doubt but that if the exact 


i 
requests for this informat 


were 20 roads reported in 1914 who did not report this year and 
an idea of the difficult 


18 roads reported in 1912 who did not report 


formation from the ra 
in spite of repeated 


lished as final totals. 


As in previous years, your 


ttee on Data and Infor: 


Your committee has endeavored to continue the work of com- 
piling statistics of electrical equipment in use on steam railroads 
committee has experienced considerable difficulty in getting in- 


with a view to comparing the statistics of various years to ob- 
tain the general trend of the increase or decrease in the use of 


any particular type of equipment. 
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TABLE I. 


INCREASE IN CAR LIGHTING EQUIPMENT 
IN U. §. AND CANADA. 


Total Number. - 

1911 1912 1914 1915 
Hlectric lighted cars 11,017 13,115 18,936 18,793 
Cells, lead battery... -202,744 222,989 259, 342, 307, 147 


Cells*snickel iron) eee 4, 855 31'883 6,653 
Straight storage cars 1,372 2,078 2,107 ie 
Headend generator 
SOUS apa eee: aaa 192 291 273 273 
Axle generator cars ’ 
—60 and 30 volt.... 5,900 7,198 12,458 13,079 © 
Water for batteries— § 
Distilled, water -... 2 116. 248 
SPAN COTy ees seeereee nee 57, 54 
Pipe condensation ... 15 ni 
Wilktered swater) <A.-0 10 
Industrial trucks— : 
Baggage handling. eee 187 17S 
Hreieht AnoOuseve a eee 124 1328 
Battery and commissary. ‘14 14 
Mlectric-tractors ae. af 
Shop trucks) ..0.3 3 eee 45 48 
Motor cars operated on rails for 
Passenger traffic— eis 
Straight: gasoline cars................... 197 184 
Gas electric Cars... ee 30 18 
Electric headlights— ‘ fe 
ATC > incense a 12,432 16,446 © 
neandescent) 25.42: ee eee «982; 1,23%m 
Lamps— ‘ 
ATC: VainpSila. Con. 9,600 4,206 
AT Cham DSh a. iC. . 48,096: 3,287 
Magnetype are lamps. 1.429. 1,381 
Flaming are lamps...... _ 1252 «15726 
150 watt Mazda... ar 97030 10,729 
250 watt Mazda..... nase) Hel, 20RD 12, Cam 
400 watt Mazda..... - Po SiGe 22,48R 
500 (Watt Mazda 2 734 2,318 
Gas filled Mazdas, Type C (all i 
SHZES) yee eethene tel lee 489 3,365 
Cooper Hewitt’s -.. ta Wale LGr 72 ie 
Quartz: tube 20.4 55" 429 
Generators, a. c. (total number)... 264 433 
Total-h. p..a. ¢. Beneratonszes—e 123,401 139,541 _ 
Generators, d. c. (total number). —-_- 5566 172 
Total h. p. d. ¢. generators... ‘65,077 81,2728 


figures were known the totals given in all the — 
tables of this report would be materially in- 
creased, in many cases nearly 25 per cents 
However, an interesting study can be made of — 
the information at hand. i 


Car Lighting Data. 

Upon referring to Table 2B, comparing the | 
statistics with those of past: years, as ais done | 
in Table 1, it will be noted that although there 
was a large increase in car lighting equipment 
from 1911 to 1914, there has been little or no 
change in the electric car lighting situation © 
during the past year, except in a few minor 
details. 


4 


: Lamps. 

It will be noted from Table 1 that there has 
been a great increase in the number of gas 
filled Mazdas and also the larger sizes of 
vacuum type Mazdas, but here the percentage | 
increase is not so marked. The number of 
Cooper-Hewitt lamps reported this year is 
also considerably greater than last year. 


Purchase of Power. 
It is a remarkable coincidence that, although 
the total number of shops reported this year 
is practically twice that of last year, that the 
percentage of the shops at which power is 
purchased remains identical, being 42 per cent 
in each case. 
As to the total horsepower of the connected 
load at these shops, however, last year the — 
total was 208,671 horsepower, and the pur- 
chased power represented 30 per cent of this 
total, whereas this year the total horsepower 
connected load represented 269,297: horse- 
power, of which power was purchased for 29 
per cent of the total, the percentage. relation 
again remaining almost identical with last 
years figures. 
Respectfully submmiteedt 
Epwarp Wray, Chairman, RAILWAY | [ELEO= 
oe AERIGAT, ENGINEER. 
C. J. CausLanp, Penna. R. R. 
G. W. Cravens, C. & C. Elec. & Mfg. Go. 
W, A. ei Mar, Interborough Rapid ee 
sit Co 
A. J. Farreity, C. & N. W. Ry. 
J. E. Garpner, Ge BacoO Sins 
W. M. Wiccrns, Pullman Co. 


October, 1915. 


Table of Contents 
PART 1. 


General. ; 
Scope of report, statement about potential tests and co-operation 


with other Associations. 
‘ PART Il. 


Form of Specifications. 
Suggestions for specification writing. 
I. Bare or weatherproof aerial wire or cable. 
Il. Bare conductors not for aerial service. 
Ill. Single conductor insulated wire or cable for indoor service. 
TV. Single conductor insulated wire or cable for exposed service. 
V. Single conductor insulated wire or cable for underground 

conduit service. 

VI. Single conductor submarine or other armored cable. 
Single conductor wires or cable for train lighting. 
Multiple conductor cable. 


PART Ill. 
General Specifications. 


1. General clauses. 8. Impregnated paper insu- 
(a) Workmanship and mate- lation. ; 
rials. (a) Description. 
(b) Inspection. (b) Paper. 
(c) Notification. (c) Compound. 
(ad) Tests. (d) Eillectrical tests. 
(e) A. I. E. E. Standardization 9. Braids. 
Rules. (a) Description. 
(f) Thickness of insulation. (b) Tests. 
(g) Stranding. 10. Rubber-filled cloth tape. 
(h) Repairs and joints of in- 11. Sheath. / 
sulation. (a) Thickness. 
2. Hlectrical tests. (b) Composition. 
(a) High potential test. 12. Wire armor. 
_ (b) Insulation resistance. (a) Armor. ; 
38. Copper, soft, semi-hard and (b) Size of armor wire. 
hard-drawn. (c) Lay. 
4, Tinning. (d) Direction of lay. 
5. Separator. (e) Armor wire. 
6. Grade ‘‘A’’ rubber compound. (f) Tensile strength test. 
(a) Composition. (g) Galvanizing test. 
(b) Results of analysis. (h) Flexibility test. 
(c) Concentric application. 13. Steel tape armor. 
(d) Tensile strength and elon- (a) Description. 
gation. (b) Armor tape. 
(e) Electrical tests. 14. Cable reels. 


7. Varnished cloth 
(a) Description. 


(a) General. 
(b) Bushings. 


insulation. 


(b) Filler. (c) Covering. 
(c) Assembly. (d) Lagging. 
(d) Tape. (e) Chocking. 


(e) Hlectrical tests. 
(f) Temperature coefficient. 


; PART IV. 
Wire & Cable Sections of A. |. E. E. Standardization Rules. 
635-651. Terminology. 677. Heating and temperature 
652. Specification of size of of cables. 


678-687. Hlectrical tests. 

688-693. Insulation resistance. 
694-699. Capacitance or electro- 
static capacity. 

LIST OF TABLES. 


conductors. 
653-656. Stranding. -. 
675-676. Conductivity of copper. 


I. Thickness of insulation VIII. Mechanical tests of rubber. 
recommended by the Na- IX. Temperature co-efficients 
tional Fire Protection As- of rubber. 
sociation. X. Temperature co-efficients 

Il. Standard stranding. of varnished cloth. 

Ill. Flexible stranding. XI. Thickness of cotton braid. 
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Part I--General 


The Committee on Wire and Cable Specifications has de- 
voted itself to improving the 1914 specifications, to make 
them conform with the latest engineering practice, especially 
the 1915 Standardization Rules of the American Institute of 
Electrical Engineers. 

The committee recognizes that various grades of rubber 
insulation may be used with advantage under different condi- 
tions, according to the degree of permanence desired, but 
where great reliability is required, a grade of insulation at 
least equal to that called for in the following specifications 
should be used. The committee does not undertake to ex- 
press an opinion on the relative merits of compounds with a 
mineral base, and those containing organic substances. 

The chemical clauses of the rubber specifications are those 
recommended by the Joint Rubber Insulation Committee. 

The design of cables for potentials in excess of 15,000 volts 
is in a state of development where standardization would 
embarrass the manufacturers and retard progress. . The com- 
mittee has, therefore, decided to make the specifications cover 
potentials to 15,000 volts only, as in 1914. 

The Wire and Cable Committees of the American Electric 
Railway Association and American Society for Testing Ma- 
terials continue to work in collaboration with this commit- 


RAILWAY ELECTRICAL ENGINEER 


127 


r,ecifications 


tee, with the result that the three associations now have sub- 
stantially similar specifications. 

In order to facilitate the use of the specifications the com- 
mittee deems it advisable to reprint the entire 1914 specifica- 
tion with the modifications proposed. 


Part Ile orm of Specifi- 
cations 


The specification (Part III) covers labor and material for 
all kinds of wire and cables for railway, power and lighting 
purposes, but does not specify the size or make-up of any 
particular kind of wire or cable. 

It must, therefore, be supplemented by certain specific data 
whenever used. This may be accomplished in either of three 
ways. 

First: The man who is ordering wire or cable may be pro- 
vided with a series of printed, blue printed or mimeographed 
specifications, which are mere descriptions of cable make-up 
and refer to the general specifications for details of materials 
and tests. When ordering wire the proper specification is se- 
lected and sent to the purchasing agent with a requisition 
stating the size, quantity, maximum and minimum length, 
time and place of delivery, and approximate price. 

Second: The man who is ordering wire or cable writes out 
a complete specification, using in it such clauses as he re- 
quires from the General Wire and Cable Specification. 

Third: The man who is ordering wire or cable may be 
provided with a series of printed or mimeographed order 
forms, which he fills out and forwards to the purchasing 
agent. who copies them on the regular form with which he 
calls for bids and sends the latter to the manufacturers. 

The first plan generally works better in practice and has 
been adopted by several important companies. The New 
York Central R. R. Co. uses mimeographed subsidiary specifi- 
cations and the Pennsylvania R. R. Co. uses blue prints, from 
letter size tracings, which often show sketches of the cable 
make-up in addition to the tabulated data. 

Which of the three plans should be adopted depends upon 
local conditions, and must be decided for each individual case. 

It is usual for railroad companies to copy such parts of 
Part III of this report as applies to their needs and refer to 
it as the General Wire and Cable Specifications of the ———— 
Ree Gay 

The following tables give lists of items which should be 
covered by subsidiary specifications or order forms. The fol- 
lowing three items should appear on the requisition which 
goes to the purchasing agent: 

(a) Where to be delivered. 
(b) When to be delivered. 
(c) Approximate cost. 


I. Bare or Weatherproof Aerial Wire or Cable. 


Items. 

(a) MUAN EEA TEGUITOO EM LCEE sy ctaie. che a clot. age ot e-seeies aver wilers) a5" 
(b) Maximum length, each piece, feet............... 
(ce) Minimum length, each piece, feet.............. 
(d) SIZSLOL COMA CEOM srt srtsreraaesriae cfoin sl woke lene Ure shelstorel eres 

AMM AM IMAL ata ralen tiated betes etek assicistanctaterek: aitllelsttbele’ a's 

GIN CUA Tall She, amie eetereee ie a cave alaweleece alee acre cteehs 
(e) Material of conductor, 

HATE FOTAWN: TCODD ELE kes ork eamrstoy el Wolo aides isles, coaleye erie 


Fab Wana gohan! pekere s bieicic Peat tea Cr ORICICCICa Rica te ea ee 
COPVEE CAG RSLS CI i attac eutedaiers s,clsierereta cls le abeue valve ee 
PHONG-CLOC LIC NUE Caillat each cnePeberstabe ache: ose euel analedtt 


(f) SoOllGMOTA SEP AIMCL| Us satis ayalayatal aie dele laeltiocd seks /e bis «. Se 
(g) Strandins) standard or Specials. ws sas< cas otleeles 
(h) Number cotu strands. Gf. special) ys iecetecs c's «fore oie 


(i) Condition of central wire (if conductor is 
SCVAMNGeEA) PALA COLA Wile eae lols. a crerare of sisie) sels, 0e,'0 

SOM Ta NACo CUP WIN. ch shetsveeta: ae ailethesens| ei alere:s ale a's wpwyere 

(j) Number of impregnated (weatherproof) cotton 
ral Sey Ca Chiewat MEIC) cra) stators, < evete’oinse o's. eke 

(k) Whether to be delivered in coils or on reels..... 


All workmanship and materials shall conform in every re- 
spect with the requirements of the current issue of the Gen- 
eral Wire and Cable Specifications of the Association of Rail- 
way Electrical Engineers. 

Il. Bare Conductors Not for Aerial Spans. 


Items. 

(a) QUANntlty, LeGuired e LeOt oad cx ntictca dies oe dees sa, steve’. 
(b) Maximum length, each piece, feet............... 
(c) Minimum length, each piece, feet.............. 
(d) Size of conductor (if not extra flexible)......... 

CAME Nie LOL Ten sPaictere hel oh ake spat aatofelis 28, ch8 loka terakel sta) /'0) 6, 658 ae 

ITC MES tee eicmihieet ene: «eis ctaracael ters ely Grd eoacc 
(e) Size of conductor (if not extra flexible)......... 
(f) Material of conductor, 

SOM=aADTCAlCALCODPEL I wckhscestes 6 goles Sew cs sass 

CMa bach aye heal ae Rees Tate A) Me err aa ee ne mee N a 
(gy LAT OAS OF ROG UINIE A nase tasis duets erejeie sie 4 Zieteicllelaeda ey a 


(h) Solids Ory Stranded sirtraw asco acts ereres eters GPs: 
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Stranding, standard or speCial.........+.sseeeues 
Stranding (if special), concentric or rope lay.... 
Number of strands (if special).........-....+.+- 
Number of wires in strand (if rope lay)........ 
Whether to be delivered in coils or on reels...... 


All workmanship and materials shall conform in every re- 
spect with the requirements of the current issue of the Gen- 
eral Wire and Cable Specifications of the Association of Rail- 
way Electrical Engineers. 


(8) 
(t) 


Single Conductor Insulated Wire or Cable for Indoor Service. 


Items. 
Quantity “required; (feet. . 2.0.2. sels = “1 ee om 
Maximum length, each piece, feet.............+. 
Minimum length, each piece, feet.........-.... 
Size of conductor (if not extra flexible)......... 
SAS Win Se eT cle otete Sretets vole ol oat als erelele eislelsteluilevaleinisceie 
Girculariccmilss css deere eerste te icin ceisiciehtre 
Size of each wire (if extra flexible), A. w. g..... 
Material of conductor, 
soft-annealed COppeYr,: OF... 22. c.csseceesnsenes 
NArO-AraWw COPPEP. versio ciels = wlskelaiele nia olels ele aie "olalare 
Tinned OF) NO’  LINME vale ivv el o's: cieletelereltelalots labs isl ol enolletais 
SOG) Ore StVAD. GSMs «te cis eck cre ols ois ivtole telele ove leivtote wincetalbs le 
Stranding, standard or special...........s.++.ee 
Stranding (if special), concentric or rope lay.... 
Number of strands (if special).................. 
Number of wires in strand (if rope lay)........ 
Maltage Ol CIPCUIt. scree. = «les (a6 /a/erelals ie wietel-talo = tsi 
Separator (if any), to be yarn or tape.........- 
Insulation, material, 
Grade FAS LUD OM HOT tee eieie setae areola ister iellefallNever=t= tates 
(Ofeyeley Sablalals) ch x) MONO ADUaOO oC OnDa Goede aaa o oo 
VWarnished  CambDriG; OM. «ss «+ s/lses)slole oss vison te 
Impregnated paper.........-. see eee esas dene ces 
Thickness of insulation (if special), inches...... 
Tapes, rubber filled cotton, number of.........- 
Number of braids of the following kinds, in the 
order given, proceeding outward, 
Impregnated cotton braids......cecceceeereeee 
E@lazed) COLCOM MOTAIG Sastere aie ocss-slefotors arovete tole) eiehetetcaeis 
iuead Sheath orono lead ‘sheath sm. <1. - coc ceremteate 
Whether to be delivered in coils or on reels...... 


All workmanship and materials shall conform in every re- 
spect with the requirements of the current issue of the Gen- 
eral Wire and Cable Specifications of the Association of Rail- 
way Electrical Engineers. 


1V. Single Conductor Insulated Wire or Cable for Exposed Service. 


Items. 
Quantity Tequined, PLEe ts sete terere ctecctene easels telnet tehs 
Maximum length, each piece, feet............... 
Minimum length, each piece, feet.............. 
Size of conductor (if not extra flexible), A. 
LAS HAO) i ed SOCAL CRAIN Nya Gey 5 OM AOR EE ROR ne Cecio < 
Gireulaxr \ ANS soe ayes kaso eve eheterie kere stars hie eee 
Size of each wire (if extra flexible), A. w. g..... 
Material of conductor, 
SOrt-annealed \COPPET; MOMs teraiwielereretele t-te ct evale eters 
hard-drawn Copper.....ceces Bievovsisiateevaretete stele RASS 
SOAP ORMSLPAMNGECE cia sere toe etc omelet tee fe aie tele sia ose hotel tis 
Stranding standard Orispecialscjcceniiecsteis.1acienns 
Stranding (if special), concentric or rope lay.... 
Number of strands (if special).........-..sseeee 
Number of wires in strand (if rope lay)........ 
VOltASCLOF (CIRCULE TE teat sta jateicletele tne fale olet-coneratetone meen iioters 
Insulation, material, 
GradeWA. FUDDES COM sca hie-clele seiale 210 oldie eesboten ae eetenes 
Codesrubber, JOLT tee as die ete cise = ao die skeen ‘ 
Warnished) (cambpricranue vec cicnica ss cteie tenner 
Thickness of insulation (if special), inches...... 
Tapes, rubber filled cotton, number of.......... 
Number of braids of the following Kinds, in the 
order given, proceeding outward, 
Impregnated {cottons 5 icniwiscsslssie nacre ne 
Impregnated hemp. vce elses eee ee eer 
Lead sheath or no lead sheath.........:..+«..0% 
Steel tape armor ‘or NO armor. sececee see oe 5 
Jute over armor (if not wanted say ‘‘no’’)...... 
Whether to be delivered in coils or on reels...... 


All workmanship and materials shall conform in every re- 
spect with the requirements of the current issue of the Gen- 
eral Wire and Cable Specifications of the Association of Rail- 
way Electrical Engineers. 


Vv. 


(a) 
(b) 
(c) 
(da) 


(k) 


Single Conductor Insulated Wire or Cable for Underground 


Conduit Service. 


Items. 

Quantity required) efeet. fe uk ieee eee on 
Maximum length, each piece, feet............... 
Minimum length, each piece, feet.............. 
Size of conductor (if not extra flexible), 

CAL UWS, (Be LOF Stiecue ere eres Oe rr iar is oer as 

Circular wmils;., care acne hte ae Oe ee 
Size of each wire (if extra flexible), A. w. g..... 
Voltage of circuit, wc sowes sek cen eR eee 
Insulation, material, 

Grade As rubber \compound.- + eer eee eee eee 

impregnated. papers Orso heen enone 

Varnish cambrichi.us..cees eer ne hee eee 


ee ee ed . 


Pressure wire (if any), location, stranded with 


The conductor shall be of soft annealed copper with stand- 
ard stranding. The insulated conductor shall be enclosed in 
a lead sheath. 
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All workmanship and materials shall conform in every re- 
spect with the requirement of the current issue of the Gen- 
eral Wire and Cable Specifications of the Association of Rail- 
way Electrical Engineers. 


Vi. 


(0) 


The conductor shall be of soft-annealed copper. 


Single Conductor Submarine and Other Armored Cables. 


Items. 

Quantity required feet ..25 2. 5 jo: «ule ols olelstetelelotohals 
Maximum length, each piece, feet....-....-...., 
Minimum length, each piece, feet..... ds’ ereteeee 
Size of conductor, 

A WE She OF F's) ters alee ele cfeors 6 s)e tvleinle’s elbievete Sle ieivrenara . 

Circular mils... 0.06 c 65 cece seme a open Seis eee 
Number of strands, each conductor (if special).. 
Voltage (Of (CIrGUit ier. lvls bis. 2 =¥s oe lerereilels sisters eines 
Insulation, material, 

Grade “A. *PUDDELS- OR ee cncceiesce «= lorp ee tee ehery sietelevelo inate 

Varnished, Camibricet ieee cs cor <1 </s0e releletNelsietelenrenanets 
Thickness of insulation (if special), inches...... 
Tapes, rubber filled cotton, number of.......... 
Impregnated cotton braids, number.............- 
Lead. sheath. or no) Jead sheath... 6.2 crete 
Thickness of sheath (if special), inches........ 
Armor, ‘steel, wire or! steel Atape..<\-). smite 
Jute over armor (if not wanted, say ‘‘no’”’)...... 
Whether to be delivered in coils or on reels...... 


All work- 


manship and materials shall conform in every respect with 
the requirements of the current issue of the General Wire 
and Cable Specifications of the Association of Railway Elec- 
trical Engineers. 


Vii. 


(a) 
(b) 
(c) 


(k) 


Single Conductor Wires and Cables for Train Lighting. 


Items. 
Quantity, required) “Lee trien clei ecersie crews attheenenanane ene 
Maximum length, each piece, feet............... 
Minimum length, each piece, feet.............. 
Size ‘of conductor, A. Wel Bias wise cle scels aisles 
Number) of (Strands iii cierete eves os)e tele choles ie tele oi eerie 
Voltager Of (eirGuit. seen acicienet eke oo ele eee 
Separator (if any), to be yarn or tape.......... 
Thickness of insulation, inches./0..\.. scr. cme cet 
Tapes, rubber filled cotton, number of.......... 
Number of impregnated cotton braids.......... 
Whether to be delivered in coils or on reels...... 


The conductor shall be of tinned soft-annealed copper, and 
shall be insulated with grade A rubber. 

All workmanship and materials shall conform in every re- 
spect with the requirements of the current issue of the Gen- 
eral Wire and Cable Specifications of the Association of Rail- 
way Electrical Engineers. 


(v) 


(w) 
(x) 


(y) 
(z) 


(aa) 


VIII. Multiple Conductor Cable. 


Items. 
Quantity required, feet... co<.0....seeee ee eee 
Maximum length, each piece, feet.............. 5 
Minimum length, each piece, feet.............. 
Number of conductors....25 3... «ctse cee eens 
Size of each conductor (if not extra flexible).... 
An Wit Bi MOP ae oie is lore on su evelels trols ole vele oreiele (eels nana 


Size of each wire (if extra flexible), A. w. g..... 
Stranding, standard or special. ......-a1smeseee ; 
Stranding (if special), concentric or rope lay.... 
Number of strands in conductor (if special).... 
Number of wires in strand (if rope lay)....... z 
Voltage between conductors. <=..........-.sscsule 
Voltage from conductors to ground............. ‘ 
Separator (if any), to be yarn or tape.......... 
Insulation over each conductor, material, 
Grade’ A rubber, ‘or... 0p .ese scene eee ; 
Codes -rubber, Ors) tacias.ncetinies sine oh Gee ee 
Varnished cambric, or; ..itc<.csee. ot os Cee 
Impreenated papers ukeoess sass ce ee eee 
Thickness of insulation over each conductor 
(if special); inches.< «. don.c4-05<e.de ae eeeee 
Covering over each insulated conductor, 
Rubber-filled cotton tape, or.............+.- oe 
Impreenated cotton braid; or... .5). 0 ssc 
Glazed.;cotton s braid ne sae eee ee 
Tracer in each layer of conductors (state whether 
POQUIFEG) . oF 5 sheik bam ole iy whee sie eve tetas eee 
If braids are to be differently colored as tracers, 
state sequence of colors.:.........c.sc+e-0 Se 
Jute laterals (state whether required).......... 
Pressure) wire (if: any): size -A. wele..ae eee 
Tape over each layer of conductors (if required), 
material, 
Rubber-filled cotton, or...... s/o tere wt sisters ene 
Dry =COUttOn Orne aisles a. teneiettein eon pre etene eee 
Impregnated paper, or......... fo okelelatele re < ticueneee A 
Dry-Daper, 2Onn. sete Sie inlictive sielens e10 0:'o:8, Soe n eae erent 
Varnished cambric......... whe, aie. 6. cain Oe colt Peeeroeeae Ac 
Insulation over all conductors, i. e., belt (if any) 
material, 
Grade A, rubber; orp osceerre eee ene Bn 
Varnished (cambric) oro... oe ene eee 
Impregnated PADEI'...qlasieeee eis yeeros oils areleteyareta 
Thickness of insulation belt (if special), inches. . 
Tape over finished group of conductors (or over 
belt if any) material, 


impresnated acotton,or-ane eee eee 
WVarnished Fe¢ambric:. tee. cueeee nee see ae 
Jute filler under braid or sheath (state whether 
required), .ccsiees ete a hadeletonehoxsiabencdore eke ome Sicthees 
Jute filler (if other than 8-ply), state size re- 


GUILE arse erin ye! «Fs 0. sie mjwrepele erstellen siete eres Toten i 
Number of braids of each of the following kinds 
in the order given, proceeding outward, 
Impregnated cotton braids........ aie sveteve erotetedone - 
Glazed ‘cotton’ braids.f css. seem lee eee 
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(ab) Lead sheath or no lead sheath................-. 
(ac) Thickness of sheath (if special), inches.......... 
(ad) Armor (if any), steel wire or steel tape.......... 
(ae) Jute over armor (if not wanted, say ‘“‘no’’)...... 
(af) Maximum overall diameter (if limit is neces- 

RELY) eee TLG UGS cretetictae nny sfayeie aicle ait siete ale ice eter ele alniets 
(ag) Whether to be delivered in coils or on reels...... 


The conductors shall be of soft-annealed copper, tinned if 
rubber insulated, otherwise not tinned. The insulation of the 
pressure wire, if any, shall be of the same material as on the 
main conductors. Two conductor cables shall be flat, unless 
otherwise specified. If there are more than two conductors, 
they shall be assembled helically. 

All workmanship and materials shall conform in every re- 
spect with the requirements of the current issue of the Gen- 
eral Wire and Cable Specifications of the Association of Rail- 
way Electrical Engineers. 


Part [II--General Specific 
cations 


(These specifications are to be sent to the manufacturers 
yearly and are merely referred to when ordering wire or 
cable.) 

General Clauses. 

1. (a) Workmanship and Materials: All workmanship 
and materials shall be the best of their respective kinds and 
shall be in full accord with the best engineering practice. 


(b) Inspection: The wire or cable shall be accessible for 
inspection by an authorized representative of the purchaser, 
who shall be afforded all necessary facilities to assure him 
that the materials used, and the process of manufacture, con- 
form with the specifications. In the case of conductors in- 
sulated with rubber compound with any kind of covering and 
conductors insulated with varnished cloth covered with dry 
or flameproof braid, the braid or sheath shall not be applied 
until the inspector has approved (in writing) the insulation. 
All other wires and cables will be inspected in their completed 
form. 

(c) Notification: The contractor shall notify the desig- 
nated representative of the purchaser sufficiently in advance 
of the completion of the wire or cable to enable inspection to 
be arranged for. 

(d) Factory Tests: The manufacturer shall furnish suit- 
able apparatus and shall make the tests in the presence of 
the railroad company’s representative, who shall be allowed 
every reasonable facility to assure himself that the require- 
ments of this specification have been complied with, except 
that when chemical analysis of rubber insulation is required 
it shall be made by the purchaser. 


(e) A. I. E. E. Standardization Rules: Unless otherwise 
specified, the standards for wires and cables in the Standard- 
ization Rules of the American Institute of Electrical En- 
gineers, shall be complied with. (See Part IV of this report.) 

(f) Thickness of Insulation: Unless otherwise specified 
the thickness of insulation for potentials up to 7000 volts, 
shall be the minimum allowed by the National Fire Protec- 
tion Association, as summarized in Table I. For higher volt- 
ages, the thickness of insulation will depend upon the condi- 
tions of service. ; 

TABLE I. 


Thickness of insulation (64ths. inch). Recommended by the 
National Fire Protection Association. 


Working Voltage 
Cir. Mills ——— 
0 1.500 2,500 3.500 5,000 | 7,000 
BO OOO era cose 8 9 10 ll 14 18 
PPOOOL oc) ake 8 9 10 ll 14 18 
GOA ODDS nose snidaw coe 8 9 10 11 14 18 
Mm Kee oe Ree ea ‘8 9 10 ll 14 18 
BOO, Cock cd aheek okie: 7 8 g 10 12 16 
VIE) Deyo eae an 7 9 10 12 16 
BOON ek s a cios ee enece as 7 8 9 10 12 16 
MR ONION Ais 7 8 9 io 4 SB 16 
BeROE hn caceik: 7 8 9 10 12 1€ 
Ole: hen ide cn vate, 6 7 8 9 12 16 
LUA ge a ee 6 7 8 12 16 
CONC ee ea 6 7 8 9 12 16 
[227 En 6 7 8 9 12 16 
A. W.G. or B. & S 
Pe Te. ee 5 6 7 8 12 16 
PL 9 oe aie 5 6 Z 8 12 16 
(ice <a emia ee Me wd 5 6 7 8 12 16 
i, ap ee 5 6 7 8 12 16 
Piette aiheek 5.0 ..2c0ne 5 6 7 8 12 16 
ae aI ik teh aah, 4 5 6 8 12 16 
Oa aN ere oe EM 4 5 6 8 12 16 
NES aa ie ae ae 4 5 6 8 12 16 
Seema Ths Sek 3 4 6 8 12 16 
BD) etn oN el 3 4 6 8 12 16 
Oe coer eee 3 4 6 8 12 16 
Ue rs A Reinet eis 3 4 6 8 12 16 
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(g) Stranding: Unless otherwise specified, the stranding 
shall be concentric and in accordance with Table II. (See A. 
I, E. E. Standardization Rules for stranding of bare cables.) 

(h) Repairs and Joints of Insulation: If exigencies of 
manufacture require repairs or joints in the insulation, the 
work shall be done in such a way as to leave the repaired part 
or joint, and all parts affected by it, as strong and durable 
electrically as the remainder of the insulation. In the case of 
rubber insulation, patches and joints should be properly vul- 
canized. 

(i) Tags containing the following information shall be 
securely attached to all coils, spools or reels of wire: 


Marking of Packages. 


Coil Spool 
Under Over Under Over Reel 
Wrapping Wrapping Wrapping Wrapping 
oreo. rob. sclosten Oo. ae nenere Gross lb. Gross Ib. 
Net lb. Bryeyt, wls\s 0 UR eer es Net Ib. Identification number 
eis aierelorets een eth Pitt sein aie Sateai oleae Length, ft. 


Number of conductors, if more than one. 
Kind of insulation. 

Thickness of insulation. 

R. R. Co’s. requisition number. 

R. R. Co’s. order number. 


TABLE II 


eee 


Range of Sizes Minimum Number of 


Wires in Conductor 


2;000;000—17600;000) Circe Mills warkemnaericce a: se- o cat scans: 127 


1,500,000—1,100,000 91 
1,000,000— 550,000 61 
500,000==6-250\000 eteraemetans. sealer ters cas fications vies 37 
No. pasa ce: TAR Wer Gy 0n Bac Siemacementats ce tersieisyscse 19 
Tt RAS Oc 0b.oD CCHBDS OF CODE ROCHE DE COE aE er 7 

Smaller Sizes greet sane ene ee ee deca ees r 


Electrical Tests. 


2. (a) High Potential Tests: The high potential test 
voltage shall be applied for five (5) minutes, shall have a 
frequency not exceeding one hundred (100) cycles per second, 
and shall approximate as closely as possible to a sine wave. 
The source of energy shall be of ample capacity. 


TABLE Ill. 


Stranding of Flexible Cables. 

(The table which appeared in previous issues of this specification 
will be omitted pending final action of the Standards Committee of 
the American Institute of Hlectrical Engineers. See Table XIII of 
the A. I. HE. E. Standardization Rules in Part IV of this report. 

(b) Insulation Resistance: The (apparent) insulation re- 
sistance shall be measured after the high potential test, and 
after a one-minute electrification with a battery having an 
e. m. f. of not less than 100 and not more than 500 volts, and 
the results corrected to the standard temperature of 15.5 deg. 
cent. (60 deg. Fahr.).. Should a cable tested in air fail to meet 
the above requirements the manufacturer may immerse it in 
water to obtain a constant temperature. 


Copper, Soft, Semi-Hard and Hard Drawn. 

3. The current issue of the specifications of the American 
Society for Testing Materials shall be complied with in every 
respect. Unless otherwise specified, conductors shall be of 
soft-annealed copper. 

The conductivity of tinned copper wire shall be not less 
than specified in Table IV. 


TABLE IV 
Conductivity of Tinned Copper Wire 
9 and larger 98 .0 20 95.8 
0 97.8 21 95.6 
11 97.6 22 95 .4 
12 97 .4 23 95.2 
13 97.2 24 95 .0 
14 97.0 25 94.8 
15 96.8 26 94.6 
16 96.6 27 94.4 
iW) 96.4 28 94.2 
18 96 .2 29 94.0 
19 96.0 30 93.8 


Tinning. 

4, Tinned wire shall be provided with a heavy uniform 
coating of commercially pure tin without projections, Where 
tinned wire is supplied but not called for, the following test 
is not required. 

Samples of wire, before stranding or covering, shall be 
thoroughly cleaned with alcohol and immersed in hydrochloric 
acid of specific gravity 1.088 and temperature 15.5 deg. cent. 
(60 deg. Fahr.) for one minute. They shall then be rinsed 
in clear water and immersed in a solution of sodium sulphide 
of specific gravity 1.142 for 30 seconds and again washed, 
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This operation shall be repeated three times, and upon com- 
pletion of the fourth cycle the sample shall show no sign of 
blackening. 

The sodium sulphide solution shall contain an excess of 
sulphur and shall have sufficient strength to thoroughly black- 
en a piece of clean untinned copper wire in five seconds. 
Separator. 

5. The separator may consist of soft cotton yarn (which 
may be braided), or of paper or muslin tape. With the un- 
tinned conductors the separator shall completely cover the 
the conductors; with tinned conductors, it is desirable that 
the separator shall allow the insulation sufficient contact with 
the conductors to prevent the conductors sliding in the in- 
sulation. 
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Inorganic mineral matter. 

Refined solid paraffin or ceresin. 

It shall not contain either red lead or carbon. 

(b) Result of Analysis: After vulcanization, the com- 
pound shall conform to the following requirements, the re- 
sults to be expressed as percentages of the whole sample: 


Rubber, betwee nit cee eee arrears 30 and 33% by wt. 
Waxy Hydrocarbons’ under. tl eaees 4 
Free! Stlphun inden cnet eee 0.7 


After vulcanization the compound shall conform to the fol- 
lowing requirements, results to be taken between the limits 
given, in proportion to the percentage by weight of rubber 
found: 

Limits allowed for 30% Rubber Compound. 


Maximum Minimum 
Grade A Rubber Compound. pao Oe a an Geis ate ge 
6 (a) Composition: The compound shall consist of Fine Chictoaeel cores ar ee eg 090. 2 ee 
Para or Smoked First Latex Hevea rubber ang a mineral Alcoholighparen ee iste. 0.55 be 
base. It shall contain only the following ingredients: Total sulphur (see note) cece. 210. eee 
Rubber. Specifickgravity uieeeees ee teaeee 2.10 1.75% 
Sulphur. Limits allowed for 33% Rubber Compound. bs 
pee Hi Maximum Minimum 
vA f Saponihable@extract= = armen ae 1.50 0.60% 
TEST POTENTIALS, KILOVOLTS Unsaponifiable TESING eee eee 0,50: =o eee 
Five-Minute Tests Chlorofornieve xtra Cin een 1.00..03) soe eee 
Buber Uae 100 per cont of lees potentials fA Alcoholic potas ire extia Ct sess. 1.00. =): eee 
th-- j j . 
lneresnaicd Bae tee (75 eareaht ot fotowing powukiolt Total sulphur (see note) SNR ROS Rae 2.300 0 eee 
Seiichi arian eae fees — Specific): gravee yic.cts we ie eager Joga 1.67% 
Size of Conductors Thickness of Insulation, 64ths Inch The acetone extract solution shall not fluoresce. 
2! 3 4 5 6 ra: 10 The acetone extract (60 cc.) shall be not darker than a 
—— light straw color. ; 
One Ot wane. f | 5.0 | 10.5 Hydrocarbons shall be solid, waxy, and not darker than a 
IMeSOMLGOS ok 4 oe a ebeaMboue 6.5 | 11.5 light brown. 
1,500,000 sss sees eee eees AO aaG Chloroform extract (60 cc.) shall be not darker than a 
TOGO OOO Mee BE RES ae: ba. parrenl iar ies enn en nnetl een gancemen(| A/Palo 1 straw color. ; 
1,000,000 os... sere snes, case | dace [Sees | eeeall gues [eee | CO) 28-0 Contamination of the compound, such as by the use of im- 
PEIN OOOMIEER Shanice Ac ReOe ia Ne ll eer ie tea ee 6.5 | 9.0 | 14.0 i “41 h f f 
: NLP: preens yates, wi PA ee the manutacturer Irom, con- 
500,006 Sin ls Oleticfaisis wewiels't ciel cxeie Pele}. 5.0 | 78 10. F5 orminge Oo 1S speci cation 
are. teary A aha AG ioe | AMOS: ae ks 3 : > : 
pore ie | ‘ a ee wh Failure to meet any requirement of this specification will 
0000 A.W.G.0r 8 bee axe ae | ron ae | ve | ne be considered sufficient cause for rejection. 
Ta 2% (ah! Ue Ree 50} 7.5) 95 1 15 uelbs 
eae eee .... | 5.5] 8.0 | 10.0 | 12.0 | 15.5 TABLE VI. 
lie NM AIL 4.0 | 6.0} 8.0} 10.0 | 12.0 | 15.5 TEST POTENTIALS, KILOVOLTS 
Ome MRM S, | 28 ce 4.0] 6.0] 8.0] 10.0 | 12.0 | 15.0 as . ht 
Thickness of Insulation, 64ths Inch 
ae Pee Rama 2S ... | 4.5] 6.5] 8.5 | 10.0 | 11.5 | 14.5 } 
it Lr? eee fcc 3,0 | 6.5.1) °8.5 |.100's) tae tao : Oe ee 
CORI Rt) tee ete eo | B10 5c! | FRO) 58.0) |) StS ERO my eae 250,000 and larger..........+ Ree Be abet 22 24 26 28 30 31 33 34 
Be) MR 8 | | A erg sul er alii 10.0 | 12.0 , Cy or Paper. sean. 7 20.23 “20 28ers Sorecoumce 
VE Sow TAR (5 Rtas 225 eS 404) OOM a ce Oy eee Cee} 115: 1-0000 A. W. G. or B. & §.....} Rubber............. 48° 21 23) 925" 27526 oom or mise 
De Se RS Ire arta ast 2.5 4° 520 | 6y04) <7200), (820) 2 SiO erro ; VY. C. or Paper...... 16 19 22 24 27 30 32 34 36 
16: OM Wee, Meee oe 1205 |) 295) 04/5) 95.5 ln 6.5.1 Zebeta SyompeLOeS 4-2 A. Wa GrorBy Gye sen: Rubber.tig ee eee 17 19 22 24 25 26 28 29 30 
18:3 eae Bae ih oe 1.0 | Phe 4.5 8.5 | Cae Wino 8.5 + 10,5 f V. Cor Papers... « 15+ 37,220. 23125) 28 sO eens 
= iS an | : ar 
ee Cee the voltages corresponding to the next larger size, having oe 6-5 A. W.G. or B. &S........ Larabee eae is i 7 a Bs Ae of oi a 
TABLE VII. 
MEGOHM-MILES AT 15.5° C. (60° F.). BASED UPON THE CONSTANT 4,000 
1 Minutes ELEctTRIFICcATION. : 
Rubber, minimum shall be 100% of following. 
Varnished Cloth, minimum shall be 15% of following. 
Impregnated Paper, minimum shall be 1214 % of following. 
Size of Conduct Thickness of Insulation, 64ths Inch 
Baca ee 2 3 4 5 6 7 8 10 12 4 ~«16 18 20 22 24 26 8 28 
2,000,000 C. M.......-... Bec | aes 200 275 325 425 aera RR 
157505000 0 | “SER ediih ose sae 275} 300} 375) 450 ae : 
L500;000.) > ERR eek 300 325 400 475 Jee 
REZ IO00 SY eee ceehe 325 375 425 500 579 
TH0,0)010,0 Ca) Sane rs te eon se ae ne je 475 550 625 oe. Payal 
FOOT Se Fe cts fects ona aha ae 75 O25) 625 700 775 Heid 
BOO'000 Sak Teer 300 375 400 475 575 675 750 850 900 Sane : 
SSROOG Ee eaceek as. 350 425 475 525 675 775 850 950 1050 1125 
250 DOORN: 33 ae otto ins 400 475 575 625 725 875 1000 1100 1200 1275 ake ave 5 aba 
0000 A. W.G. or B. &S... 450 550 600 650 800 950 1050 1150 1250 1350 1450 aos 
000 500 600 650 750 850 1000 1150 1250 1350 1450 1550 nae 
00 550 650 750 850 950 1050 1250 1350 1500 1600 1700 1800 
0 Yate 600 700 800 950 1050 1200 1350 1500 1600 1700 1800 1900 | 2000 ottes 
1 600 650 750 850 1000 1150 1350 1450 1600 1750 1850 1950 | 2050} 2150} 2250 
2 650 750 850 950 1050 1250 1450 1600 1700 1850 1950 | 2100 2200 2300 
4 750 850 1000 1150 1250 1450 1650 1850 | 2000 2150 | 2250 | 2400] 2500} 2600} 2700 
6 tht 850 1050 1200 1350 1450 1750 1950 | 2100 2300 2450 | 2550 2700 2800 | 2900} 3000 
8 850 1050 | 1250 1450 1650 1750 | 2050 | 2200} 2400 | 2600.} 2750} 2900 | 3050} 3150 | 3250} 3350 
- 1150 1350 1600 1800 | 2000 2150 | 2400 2650 2900 3100 | 3250 3400 3550 3700 | 3800] 3900 
1350 1600 1850 | 2050 | 2250} 2400 | 2750] 3000! 3250] 3400! 3600 | 3750] 3900} 4050] 4150] 4300 
14 1% 1550 1850 | 2150 | 2350} 2550) 2650] 3050] 3350 | 3550] 3800] 3950| 4100} 4300] 4400] 4550] 4650 
16 1400 1800 2150 2400 2650 | 2850 | 3050 | 3400} 3650 3950 4150 4350 4500 4650 4800 | 4900 | 5050 
18 1600 2050 2450 | 2800 3000 | 3200 3400 | 3750 4050 4300 4500 4700 4900 5000 | 5150 | 5300] 5400 


ee 


October, 1915. 


The compound will be analyzed by the procedure of the 
Joint Rubber Insulation Committee current on the date of 
order. 

Note—The limit on total surphur may be omitted by the 
purchaser if he desires to admit sulphur bearing fillers. See 
Report of Joint Rubber Insulation Committee, Proc. A. I. 
E. E. January, 1914. 


(c) Concentric Application: The conductor shall be 
tinned. The compound shall be applied concentrically about 
the conductors and shall fit tightly thereto. Where the in- 
sulation is applied in more than one layer, adjacent layers 
shall cohere firmly. If necessary, in order to achieve this 
result on insulated conductors of greater diameter than 0.3 
of an inch over the insulation, a tape shall be applied over 
the insulation before vulcanization. Such tape, if it does 
not comply with the tape specification given hereinafter, will 
be additional to any which may be required in the accom- 
panying wire specification. 

(d) Tensile Strength and Elongation: A sample which 
may be of entire, segmental, or approximately rectangular 
cross-section, at the discretion of the manufacturer, shall be 
cut from the insulated conductor by means of a sharp knife. 
The sample shall be bent in every direction to magnify and 
reveal any surface crack or imperfection which may exist. 
A portion of the sample without such defects and having a 
free length of not less than two inches, shall then be stretched 
at the rate of twelve inches per minute, until it breaks. The 
marks shall be placed on the insulation before its removal 
from the conductor. Five samples taken at random from 
every 25,000 feet or less shall be tested in this way. Tensile 
strength and elongation shall be made on unstretched samples. 

The samples shall conform to the following limits: 


TABLE VIII. 


Thickness Inches 
12/64-in. or less Over 12/64-in. 
Maximum Minimum Maximum Minimum 
Tensile strength lbs. per 
sq. in. (each sample)... 1,000 1,000 
Elongation in two (2) in. 
length at break (times 
original length) ........ ae 5 aay 4 
Elongation 5 seconds after 
release when stretched at 
the rate of 12 in. per 
minute to 38 times its 
PREDONE Ecce ral wi ay dhaisreuscieteusl ey atee 30 20% 


(e) Electrical Tests: Electrical tests shall be made upon 
rubber insulated wire or cable after at least twelve hours’ im- 
mersions in water, while still immersed and before the appli- 
cation of any tape, braid or compound other than the tape 
used in vulcanization. The insulated conductor shall suc- 
cessfully meet the high potential tests specified in Tables 
Vand VI. Inthe case of multiplex cables, the high potential 
test shall be made and the insulation resistance shall be 
measured before assembling the conductors. An additional 
electrical test shall be made on lead covered or armored cable 
and shall consist of a high potential test to be made upon 
the cable after assembling and leading or armoring and, if 
lead covered, without immersion in water. In the case of 
multiplex cables, this test shall be made successively between 
each conductor and the other conductors and sheath in 
multiple. 


The insulation resistance shall be not less than specified 
in Table VII. 

The insulation resistance (megohms) shall be reduced to 
that at 15.5 deo. cent. (60 deg. Fahr.) by multiplying by the 
coefficient in Table IX corresponding to the temperature at 
the time of test. 


Varnished Cloth Insulation. 


7%. (a) Description: The insulation shall consist of a 
closely woven cotton cloth and a viscous filler. Each sur- 
face of the cloth shall have a smooth, continuous film of var- 
nish and shall be free from wrinkles, blisters and all other 
imperfections. It shall be thoroughly impregnated with in- 
sulating compound, shall be pliable and shall have no ten- 
dency to crack when doubled on itself. 

(b) Filler: The filler shall be a viscous, moisture-re- 
pelling insulating compound, having a dielectric constant 
similar to that of the varnished cloth insulation and of such 
a nature as to have no deleterious effect upon the varnish. 
It shall prevent the tapes from unwrapping when cut, but 
a. the layers to slide upon each other when the cable is 

ent. 

(c) Assembly: The insulating cloth shall be applied in the 
form of tape wound on helically and reversed at least every 
two layers. The tapes shall be of such widths for different 
diameters of cable that they will lie smoothly and be free 
from wrinkles; the turns shall overlap and the joints in suc- 
cessive layers shall be staggered. The filler shall be so ap- 


Property 


20% 
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plied between layers as to exclude all air, the whole forming 
a hard, semi-flexible wall of insulation. 

(d) Tape: A layer of cloth tape thoroughly filled with 
a rubber compound shall be applied over the cloth insulation. 
In the case of multiple conductor cables, a tape shall be ap- 
plied over the assembled conductors or over the belt, if any. 
The tape shall comply with the requirements of section 10. 


TABLE IX 
(Tests shall be made at temperature within the scope of this table.) 
Temperature : Temperature 
Cent. Degrees Coefficient Degrees Cent. Coefficient 
7 0.65 16 1.02 
8 0.69 17 1.08 
9 0.73 18 1.12 
10 0.77 19 1.18 
11 0.81 20 1-23 
12 0.85 21 1.30 
13 0.89 22 1.37 
14 0.93 23 1.43 
15 0.98 24 1.49 
15.5 1.00 25 1.56 
(Tests shall be made at temperatures within the scope of this table.) 
Temperature ‘ Temperature 
Degrees Fahr. Coefficient Degrees Fahr. Coefficient 
46 0.69 60 1.00 
47 0.71 61 1.03 
48 0.73 62 1.05 
49 0.75 63 1.08 
50 0.77 64 atl 
51 0.79 65 1.14 
52 0.81 66 ake 
53 0.83 67 1.20 
54 0.85 68 1.23 
55 0.88 69 1.26 
56 0.90 70 1.30 
57 0.92 fil 1.33 
58 0.94 72 TESS 
59 0.97 73 1.40 
60 1.00 74 1.44 
75 1.48 


(e) Electrical Tests: Each and every length of wire or 
cable shall meet the specified electrical tests. Wire or cable 
to be covered with dry or flameproof braid shall be tested 
after twelve hours immersion in water and before the braid 
is applied; if it is to be covered with weatherproof braid, the 
tests shall be made on the finished product. Lead covered 
conductors shall be tested against the sheath with sheath 
grounded. Multiplex cables shall be tested between each con- 
ductor and the other conductors and sheath or ground in 
multiple. 


({) Temperature Coefficient: The insulation resistance 
shall be not less than specified in Table VI. The insulation 
resistance shall be reduced to that at 15.5 deg. cent. (60 deg. 
Fahr.) by multiplying by the coefficient in Table X corres- 
ponding to the temperature at the time of test. 


TABLE X 
(Tests shall be made at temperatures within the scope of this table.) 


Temperature Temperature 
Coefficient Coefficient 
Degrees Cent. | Degrees Fahr. Degrees Cent. | Degrees Fahr. 
4.5— 7.2 40—45 0.50 16 .1—18 .3 61— 65 1.4 
7.7—10.1 46—50 0.67 18 .8—21.1 66— 70 2.0 
0.5—12.7 51—55 0.83 21 .6—23 .8 71— 75 2.5 
13 .3—15 .5 56—60 1.00 24 .4—26 .6 76— 80 Shee 
27 .2—29 .4 81— 85 5.0 
30 .0—32 .2 86— 90 6.7 
32 .7—35 .0 91— 95 10.0 
35 .5—37 .7 96—100 20.0 
38 .3—40.5 101—105 RAR 


Impregnated Paper Insulation. 


8. (a) Description: The insulation shall consist of a 
manila paper applied helically, firmly and evenly to the con- 
ductor, and then thoroughly impregnated with an insulating 
compound. The cable shall be pliable and shall show no 
tendency to harden injuriously at 0 deg. cent. 

(b) Paper: The paper shall contain-no free acids or free 
alkalis. Tensile strength tests shall be made upon paper taken 
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from the finished cable, both from conductor and jacket, if 
any. Test pieces five feet in length shall be selected, looped 
and tesion applied at the loop through a mandrel, one inch in 
diameter. 


A tension of 5,000 pounds per square inch shall be applied 
for five minutes, and then 6,500 pounds per square inch for 
one minute. 

If more than one out of six samples selected from each 
lot by the inspector fails to meet the tests, the entire lot 
may be rejected. 


(c) Compound: The compound shall be applied so as to 
exclude all air and moisture and shall contain no free min- 
eral acid or other substances which have a deleterious effect 
upon paper. 

(d) Electrical Tests: Each and every length of finished 
cable shall conform to the specified electrical tests. No im- 
mersion is required before testing. The potential test shall 
be made between conductor and sheath with the sheath 
grounded. Multiple conductor cables shall be tested between 
each conductor and sheath or ground, in multiple. Imme- 
diately upon the receipt of an order (not a bid) the manu- 
facturer shall submit a table of temperature coefficients which 
shall be used to reduce the measured megohms to the 
standard temperature. 


Braids. 


9. (a) Description: Braid shall be closely woven of cot- 
ton thread, at least two-ply, thoroughly impregnated with an 
insulating waterproof compound and finished with a black 
insulating compound thoroughly slicked down. The com- 
pound shall be neither injuriously affected by nor have in- 
jurious effect upon the braid at a temperature of 90 deg. 
cent. (194 deg. Fahr.). The thickness shall be not less than 
given in the following table: 


TABLE XI 
Diameter Over the Insulation, Thickness of Braid, Inches, 
nehes Not Less Than 
160 018 
.290 .028 
.530 .038 
1.000 and over .053 


For intermediate diameter use next smaller diameter. __ 
Note.—The above does not apply to fancy or special braids for fixtures, etc. 


(b) Tests: <A _ six-inch sample of wire with carefully 
paraffined ends shall be weighed and submerged in fresh 
water of a temperature of 20 deg. cent. (68 deg. Fahr.) and 
for a period of twenty-four hours. The increase in weight 
after submersion and removal of surface water shall be not 
more than 9 per cent of the weight exclusive of copper and 
insulation before submersion. The compound shall not drip 
at a temperature of 50 deg. cent. (122 deg. Fahr.). 


TABLE XII 
Diameter Over Insulation Maximum Width of Tape, Minimum Overlap 
Inches Inches nehes 
2.00 1 
1.75 4—l4, ie 
1.50 6 
1.25 3-4 Y 
1.15 3-4 % 
1.00 % 
.88 2—% % 
75 2—3¢ 3% 
f : 
2 1—% % 
.38 1—'% % 
a 1—% 4, 
: 1 
19 % if 
16 % le 


For intermediate diameters use next smaller diameter. 


Rubber Filled Cloth Tape. 


10. The tape shall consist of a cotton cloth not lighter 
than one pound per four yards 36 inches wide with not less 
than 56x60 picks per inch, thoroughly filled with a rubber 
compound. The tape shall be applied helically, overlaping 
not less than specified in Table XII which also gives the 
maximum width of tape allowed: 


Sheath. 


11. (a) Thickness: Unless otherwise specified, the 
sheath shall have an average thickness of not less than that 
‘indicated in Table XII, and the minimum thickness shall in 
no place be less than 90 per cent of the required average 
thickness. 
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TABLE XIII 
Corresponding Thickness of Sheath in Inches 
Rubber or Var. 
Diam. of Core, Inches Paper Insulation Cloth Insulation 
—0.29 5/64 4/64 
0 .30—O0 .69 6/64 5/64 
0.70—1 .24 7/64 6/64 
1.25—1 .99 8/64 7/64 
2 .00—2 .69 9/64 8/64 
2.70—over 10/64 9/64 


For intermediate diameter use next smaller diameter. 


(b) Composition: The sheath shall consist of commercial- 
ly pure lead for all cables having a core diameter (i. e., inter- 
nal diameter of the sheath) less than two inches; for cables 
having a core diameter equal to two inches or more the 
sheath shall consist of an alloy of commercially pure lead 
and commercially pure tin containing not less than one per 
cent of tin. 

Wire Armor. 


12. (a) Armor: The core of the cable shall be run 
through a hot asphalt compound, served with a layer of jute 
yarn, run through hot asphalt compound, armored with gal- 
vanized wire, run through hot asphalt compound, served 
with a layer of the best three-ply 14-pound hard twisted 
jute yarn with a close short lay, run through hot asphalt 
compound, served with a second layer of three-ply, 14 
pound jute yarn, run through hot asphalt compound and fin- 
ished by running through some material to prevent stick- 
ing. If the cable is rubber insulated, it shall be covered 
with tape, braid or other suitable protection before passing 
through the asphalt compound. 

(Under certain conditions, the purchaser may find it ad- 
visable to specify the omission of the outer jute coverings.) 


(b) Size of Armor Wire: The proper size of armor wire 
will depend upon the conditions of service; the latitude al- 
lowed in the following table represents the difference aris- 
ing from such difference in service conditions. Unless other- 
wise specified, the armor wire shall be the minimum size. 


TABLE XIV 
Jute Bedding Under 
Diameter of Cable Armour Wire our. 
Under Jute Bedding, Steel Wire Gauge* Measured in Finished 
Inches Cable, Inches 
0.00—0.50 14—13 2/32 minimum 
0 .44—0 .69 12 2/32 
0 .63—1 .00 10 2/32 
0.88—1 .50 8 2/32 
1.25—2 .00 6 2/32 
1.30—larger 4 2/32 


*The same number wire on the Birmingham Wire Gauge will be acceptable. The Steel 
eure Gauge is desired in Circular No. 31 of the Bureau of Standards, the corresponding diameters 
eing as follows: 


ee re anne Diameter, Mils 
14 80.0 
13 91.5 
12 105.5 
10 135.0 
8 162.0 
6 192.0 
4 225.3 


(c) Lay: The armor shall be applied closely without ap- 
preciable space between adjacent wires. The lay shall be 
from eight to twelve times the pitch diameter. 


(d) Direction of Lay: Successive layers of jute or jute 
and armor shall be laid in opposite directions. In the case 
of multiple conductor cable armored without lead, the out- 
side layer of conductors shall be put on with a right hand 
lay. The armor shall be put on with a left-hand lay. 


(e) Armor Wire: The armor wire shall consist of a gal- 
vanized mild steel-wire of uniform diameter, free from all 
cracks, splits or other flaws. Samples shall be taken (at 
random) from 10 per cent of the coils to be used for each of 
the following tests. At least 80 per cent of the samples 
shall fulfill the conditions of the test in order that the 
whole lot may be considered satisfactory. 

(f) Tensile Strength Test: The wire shall have a tensile 
strength of not less than 50,000 pounds per square inch and 
an elongation of not less than 10 per cent in eight inches. 


(g) Galvanizing Test: Thoroughly clean a sample to re- 
move all ditt and grease, rinse in clean water and wipe dry 
with a clean cloth or cotton waste. Immerse for one minute 
in a solution of copper sulphate of specific gravity 1.186 at 
18.3 deg. cent. (65 deg. Fahr.), rinse in clean water and wipe 
dry. Repeat this operation until the samples have been im- 
mersed four times. After these immersions no sample shaft 
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show any bright deposit of copper. The samples shall be 
approximately straight and the ends protected with parraffin. 
The solution shall be saturated with copper sulphate to which 
an excess of C. P. cupric oxide has been added and shall be 
maintained at 15.5-20 deg. cent. (60-68 deg. Fahr.) during the 
test. In case of failure of only one sample in a group of 
seven samples immersed together, or if there is a reasonable 
doubt as to the copper deposit, two check tests shall be 
made on these seven wires. If there is more than one failure 
in the original test, or if either check test shows any failures, 
the lot may be rejected. 


(h) Flexibility Test: The armor wire shall admit of bend- 
ing around a spindle of ten times the diameter of the wire 
and back again without developing cracks of the galvanizing 
which are visible to the naked eye. 


Steel Tape Armor. 

13. (a) Description: The core of the cable shall be run 
through a bath of hot asphalt compound, served with a layer 
of jute yarn spun on with a close, short lay, run through hot 
asphalt compound, armored with a steel tape; armored with 
a second steel tape, run through hot asphalt compound, 
served with a layer of three-ply, 14-pound jute yarn with a 
close, short lay, run through hot asphalt compound and fin- 
ished by running through some material to prevent sticking. 
Both steel tapes shall be laid in the same direction and the 
outer shall be centered over the spaces between turns of the 
inner. If the cable is rubber insulated, it shall be covered 
with tape, braid or other suitable protection before passing 
through the asphalt compound. Each layer of jute shall 
be applied in the reverse direction to the adjacent layer. 
The space between adjacent turns of steel tape shall be ten 
per cent of the width of the steel tape. A three per cent 
variation either way, will be allowed. 

(b) Armor Tape: The galvanized tape and the jute, under 
the armor, after armoring, shall conform to the requirements 
of Table XV. 


TABLE XV 
Minimum 
Jute Bedding 
Maximum Minimum Under Armor 
Cable Diameter Width Thickness Measured in 
Before Armoring, Steel Tape, Each Tape, Finished Cable, 
Inches Inches Inches Inches 
—0 .45 % 0.02 2/32 
0.46—0.75 34 0.02 2/32 
0.76—1 .00 1 0.03 2/32 
1.01—1 .40 144 0.03 2/32 
1.41—1.70 1% 0.04 2/32 
1.71—2.00 134 0.04 2/32 
2 .01—over 2 0.05 2/32 


Cable Reels. 

14. (a) General: Each reel shall consist of a wooden 
drum with wooden discs or heads securely fastened thereto. 

(b) Bushings: Each disc or head of the reel shall be 
provided with an iron plate or cast iron bushing in the cen- 
ter of which shall be a hole two and one-half inches in 
diameter. The plates or bushings shall be secured to the 
head by means of bolts or lags through the head. 

(ec) Covering: Insulated cable shall be thoroughly cov- 
ered with burlap before lagging is applied. 

(d) Lagging: When used for insulated cable the reels 
shall be suitably lagged; when used for bare cable, the lagging 
of the reel shall be replaced by a burlap covering securely 
bound to the cable. 

(e) Chocking: Reels shall be properly chocked in the 
ear so that there shall be no movement of reels during 
transit. 


Part 1V--A. I. &. EE. Stam. Rules 
Terminology* 


Wire.—A slender rod or filament of drawn metal. The 
definition restricts the term to what would ordinarily be 
understood by the term “solid wire.” In the definition, the 
word “slender” is used in the sense that the length is great 
in comparison with the diameter. If a wire is covered with 
insulation, it is properly called an insulated wire; while pri- 
marily the term “wire” refers to the metal, nevertheless 
when the context shows that the wire is insulated, the term 
“wire” will be understood to include the insulation. 

Conductor.—A wire or combination of wires not insulated 
from one another, suitable for carrying a single electric cur- 
rent. The term “conductor” is not to include a combination 
yof conductors insulated from one another, which would be 
suitable for carrying several different electric currents. 

Rolled conductors (such as busbars) are, of course, con- 
ductors, but are not considered under the terminology here 
given. 


*From Circular No. 37 of the Bureau of Standards. 
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Stranded Conductor.—A conductor composed of a group 
of wires, or of any combination of groups of wires. The 
wires in a stranded conductor are usually twisted or braided 
together. 


Cable—(1) A _ stranded conductor (single-conductor 
cable); or (2) a combination of conductors insulated from 
one another (multiple-conductor cable). The component 
conductors of the second kind of cable may be either solid 
or stranded, and this kind of cable may or may not have a 
common insulating covering. The first kind of cable is a 
single conductor, while the second kind is a group of sev- 
eral conductors. The term “cable” is applied by some manu- 
facturers to a solid wire heavily insulated and lead-covered; 
this usage arises from the manner of the insulation, but such 
a conductor is not included under this definition of “cable.” 
The term “cable’ is a general one, and, in practice, it is 
usually applied only to the larger sizes. A small cable is 
called a “stranded wire” or a “cord,” both of which are de- 
fined below. Cables may be bare or insulated, and the latter 
may be armored with lead, or with steel wires or bands. 


Strand.—One of the wires, or groups of wires, of any 
stranded conductor. 


Stranded Wire.—A group of small wires, used as a single 
wire. A wire has been defined as a slender rod or filament 
of drawn metal. If such a filament is subdivided into several 
smaller filaments or strands, and is used as a single wire, 
it is called a “stranded wire.” There is no sharp dividing 
line of size between a “stranded wire’ and a “cable.” If 
used as a wire, for example in winding inductance coils or 
magnets, it is called a stranded wire and not a cable. If it is 
is substantially insulated, it is called a “cord,” defined below. 


Cord.—A small and very flexible cable, substantially in- 
sulated to withstand wear. There is no sharp dividing line 
in respect to size between a “cord” and a “cable,” and like- 
wise no sharp dividing line in respect to the character of 
insulation between a “cord ” and a “stranded wire.” Rubber 
is used as the insulating material for many classes of cords. 


Concentric Strand.—A strand composed of a central core 
surrounded by one or more layers of helically-laid wires or 
groups of wires. 


Concentric-Lay Cable.—A single-conductor cable composed 
of a central core surrounded by one or more layers of he- 
lically-laid wires. 


Rope-Lay Cable.—A single-conductor cable composed of a 
central core surrounded by one or more layers of he- 
lically-laid groups of wires. This kind of cable differs from 
the preceding in that the main strands are themselves 
stranded. 


N-Conductor Cable——A combination of N conductors in- 
sulated from one another. It is not intended that the name 
as here given be actually used. One would instead speak 
of a “3-conductor cable,” a “12-conductor cable,” etc. In 
referring to the general case, one may speak of a “multiple- 
conductor cable” (as in definition §638 above.) 


N-Conductor Concentric Cable—A cable composed of 
an insulated central conducting core with (N—1) tubular 
stranded conductors laid over it concentrically and separated 
by layers of insulation. This kind of cable usually has only 
two or three conductors. Such cables are used for carrying 
alternating currents. The remark on the expression “N- 
conductor” given for the preceding definition applies here 
also. 


Duplex Cable.—Two 
twisted together. 
sulating covering, 


insulated single-conductor cables, 
They may or may not have a common in- 


Twin Cable——Two insulated single-conductor cables laid 
parallel, having a common covering. 


Triplex Cable—Three 
twisted together. 
insulating covering. 


insulated single-conductor cables 
They may or may not have a common 


Twisted Pair—Two small insulated conductors, twisted 
together, without a common covering. The two conductors 
of a “twisted pair’ are usually substantially insulated, so 
that the combination is a special case of a “cord.” 

Twin Wire.—Two small insulated conductors laid parallel, 
having a common covering. 


SPECIFICATION OF SIZES OF CONDUCTORS 


The sizes of solid wires shall be stated by their diameter in 
mils, the American Wire Gage (Brown and Sharpe) sizes being 
taken as standard. The sizes of stranded conductors shall be 
stated by their cross-sectional area in circular mils. For brevity, 
in cases where the most careful specification is not required, the 
sizes of solid wires may be stated by the gage number in the 
American Wire Gage, and the sizes of stranded conductors smaller 
than 250,000 circular mils (i. e., No. 0000 A. W. G. or smaller) 
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may likewise be stated by means of the gage number in the 
American Wire Gage of a solid wire having the same cross-sec- 
tional area. Furthermore, an exception is made in the case of 
“Plexible Stranded Conductors,’ for which see §655 below. In 
stating large cross-sections, it is sometimes convenient to use a 
circular inch (507 sq. mm.) instead of 1,000,000 circular mils. 


Stranding. 


Cables not requiring special flexibility shall be stranded in 
accordance with the following table. 


TABLE XVI 

Standard Stranding of Concentric-Lay Cables 

Number of Wires 
SIZE A B Cc 

Bare Cables for Weatherproof Cables Insulated 
(See Note 1) AERIAL USE* for AERIAL USE* Cables 
2.0 Cir. Inches 91 91 127 
5 61 61 91 
1.0 61 61 61 
0.6 37 37 61 
0.5 37 37 37 
0.4 19 19 37 
0000 A. W.G vi 19 19 
00 7 7 19 
2 (See Note 2) (See Note 2) i 
9 (See Note 2) (See Note 2) (See Note 2) 


(1) For intermediate sizes, use stranding for next larger size. 
(2) Solid Wire is recommended. 


*Tentatively adopted pending ratification by other societies interested. 


Sectional Area of Cables. The cross-sectional area of 
a cable shall be considered to be the sum of the cross-sec- 
tional areas of its component wires, when laid out straight 
and measured perpendicular to their axes. 


Flexible Stranding. Conductors of special flexibility 
should ordinarily be made with wires of regular A. W. G. 
sizes, the number of wires and size being given. The ap- 
proximate gage number or approximate circular mils of such 
flexible stranded conductors may be stated. The following 
stranding table is suggested. 


TABLE XVII 
Proposed Standard Stranding of Flexible Cables* 
alee Circular Number of prec seek Make-up 
A. W. G. Size Mil Wi Wire (See Note 2) 
(See Note 1) fe ree A.W. G. aes 
1,102,941 427 16 61x7 
— 874,496 427 17 . 
—= 693,448 427 18 £ 
— 549,976 427 19 : 
_— 436,394 427 20 * 
345,913 427 21 es 
— 274,390 427 22 ee 
— 264,698 259 20 37x7 
0000 209,816 259 21 x, 
000 166,433 259 22 
00 135,926 133 20 19x7 
0 107,748 133 21 & 
1 85,466 133 22 £ 
2 67,764 133 23 . 
3 53,732 Meiey 24 2 
4 39,695 49 21 (eaf 
5 31,487 49 22 - 
6 24,966 49 23 “ 
7 19,796 49 24 e 
8 15,700 49 25 Optional (See 
Note 3) 
9 12,451 49 26 3 
10 9,854 49 27 . 
11 7,830 49 28 f 
12 6,208 49 29 eS 
Smaller 1 eae 30 Bunched 
‘ quired size ; 
Note 1. The A. W. G. sizes are approximated within 5 per cent. 
Note 2. 61x7 signifies a rope-lay cable composed of 61 strands 
of 7 wires each. 
Note 3. Rope-lay or bunched. 


*This table is offered for consideration but will not be recom- 
mended for final adoption until ratified by other societies inter- 
ested. The addition of another Table giving a further degree of 
flexibility is under consideration. The stranding of No. 4 A. W. G. 
and smaller sizes, is particularly open for discussion. 
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Correction for Lay. The resistance and mass of a 
stranded conductor are greater than in a solid conductor of 
the same cross-sectional area, depending on the lay (i. e, 
the pitch of the twist of the wires). Two per cent shall be 
taken as the standard increment of resistance and of mass. 
In cases where the lay is definitely known, the increment 
should be calculated and not assumed. 

The direction of the lay is the lateral direction in which 
the strands of a cable run over the top of the cable as they 
recede from an observer looking along the axis of the cable. 


Conductivty of Copper 


The following I.E. C. rules are -adopted:* 

The following shall be taken as normal values for standard 
annealed copper: ; : 

(1) At a temperature of 20°C., the resistance of a wire 
of standard annealed copper one meter in length and of a 
uniform section of 1 square millimeter is 1/58 ohm = 0.017241 
ey. Ome 

(2) At a temperature of 20°C., the density of standard 
annealed Copper is 8.89 grams per cubic centimeter. 

(3) At a temperature of 20°C., the “constant mass” tem- 
perature coefficient of resistance of standard annealed cop- 
per, measured between two potential points rigidly fixed to 
the wire, is 0.00393=1/254.45....per degree centigrade. 

(4) As a consequence, it follows from (1) and (2) that, at 
a temperature of 20°C. the resistance of a wire of standard 
annealed copper of uniform section, one meter in length and 
weighing one gram, is (1/58) X 8.89 = 0.15328...... ohm.7t§ 

Copper Wire Tables. The copper-wire Tables published 
by the Bureau of Standards in Circular No. 31 are adopted. 
These Tables are based upon the I. E. C. rules stated in 
$675. 

Heating and Temperature of Cables. 

Maximum Safe Limiting Temperatures. 


The maximum safe limiting temperature in degrees C. at the 
surface of the conductor in a cable shall be:— 

For impregnated paper insulation (85—E) 

“ varnished cambric (75—E) 

rubber insulation (60—0.25E) 
where E represents the r.m.s. operating e.m.f. in kilovolts be- 
tween conductors. 

Thus, at a working pressure of 3.3 kv., the maximum safe 
limiting temperature at the surface of the conductor, or con- 
ductors, in a cable would be:— 


“ce 


For impregnated paper 81.7°C. 
“varnished cambrice sin © 
“rubber insulation 5Oran Cs 


Electrical Tests. 


Lengths Tested. Electrical tests of insulation on wires 
and cables shall be made on the entire lengths to be shipped. 

Immersion in Water.—Electrical tests of insulated con- 
ductors not enclosed in a lead sheath, shall be made while 
immersed in water after an immersion of twelve (12) 
hours, if insulated with rubber compound, or if insulated with 
varnished cambric. It is not necessary to immerse in water 
insulated conductors enclosed in a lead sheath. 

In multiple-conductor cables, without waterproof overall 
jacket of insulation, no immersion test should be made on 
finished cables, but only on the individual conductors before 
assembling. 


Dielectric-Strength Tests. Object of Tests.—Dielectric 
tests are intended to detect weak spots in the insulation 
and to determine whether the dielectric strength of the in- 
sulation is sufficient for enabling it to withstand the voltage 
to which it is likely to be subjected in service, with a suit- 
able factor of assurance. 

The initially-applied voltage must not be greater than the 
working voltage, and the rate of increase shall not be over 
100 per cent in 10 seconds. 


Factor of Assurance.—The factor of assurance of wire 

or cable insulation shall be the ratio of the voltage at which 
it is tested to that at which it is used. 
_ Test Voltage.—The dielectric strength of wire and cable 
insulation shall be tested at the factory, by applying an 
alternating test voltage between the conductor and sheath 
or water. 

The Magnitude and Duration of the Test Voltage should 
depend upon the dielectric strength and thickness of the 

_*See I. E. C. Publication No. 28 ‘International Standard of Re- 
sistance for Copper” March, 1914. 

y7Paragraphs (1) and (4) of §675 define what are sometimes called 
“volume resistivity,’ and ‘‘mass resistivity,’? respectively. This 
may be expressed in other units as follows:— volume resistivity 
= 1.7241 microhm-cm. (or microhms in a cm, cube) at 20° = 0.67879 
microhm-inch at 20° C., and mass resistivity = 875.20 ohms (mile, 
pound) at 20° C. 

§For detailed specifications of commercial copper, see the ‘“‘Stand- 
ard Specifications” of the American Society for Testing Materials. 
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insulation, the length and diameter of the wire or cable, 
and the assurance factor required, the latter in turn depend- 
ing upon the importance of the service in which the wire or 
cable is employed. ; 

The following test voltages shall apply unless a depar- 
ture is considered necessary, in view of the above circum- 
stances: Rubber covered wires or cable for voltages up to 
7 kv. shall be tested in accordance with the National Electric 
Code. Standardization for higher voltage for rubber in- 
sulated cables is not considered possible at the present time. 


Varnished cambric and impregnated paper insulated wires 


or cables shall be tested at the place of manufacture for five, 


(5) minutes, in accordance with the Table XVIII below. 


TABLE XVIII 
Recommended Test Kilovolts Corresponding to Operating Kilovolts 
Operating kv. Test ky, Operating ky. Test kv. 

Below 0.5 2.5* 5 14 

0.5 3 10 25 

1. 4 15 35 

2 6.5 20 44 

3 9 25 53 

4 11.5 


*The minimum thickness of insulation shall be 1/16 inch (1.6 mm.) 


Different engineers specify different thickness of insulation 
for the same working voltages. Therefore, at the present 
time the test kv. corresponding to working kv. given in 
Table XIV are based on the minimum thickness of insula- 
tion specified by engineers and operating companies.t 

The Frequency of the Test Voltage shall not exceed 100 
cycles per second, and should approximate as closely as 
possible to a sine wave. The source of energy should be of 
ample capacity. 

Where Ultimate Break-Down Tests are required, these 
shall be made on samples not more than 6 meters (20 ft.) 
long. The maximum allowable temperature at which the 
test is made for the particular type of insulation and the par- 
ticular working pressure, shall not be greater than the tem- 
perature limits given in § 677. 

Multiple-Conductor Cables.—Each conductor of a multi- 
ple-conductor cable shall be tested against the other con- 
ductors connected together with the sheath or water. 


Insulation Resistance 


Definition.—The insulation resistance of an insulated con- 
ductor is the electrical resistance offered by its insulation, 
to an impressed voltage tending to produce a leakage of 
current through the same. 

Insulation Resistance shall be expressed in megohms 
for a specified length (as for a kilometer, or a mile, or one 
thousand feet), and shall be corrected to a temperature of 
15.5° C. using a temperature coefficient determined experi- 
mentally for the insulation under consideration. 

Linear Insulation Resistance, or the insulation resistance 
of Unit Length, shall be expressed in terms of the megohm- 
aie a or the megohm-mile, or the megohm-thousand 
eet. 

Megohms Constant.—The Megohms Constant of an insu- 
lated conductor shall be the factor “K” in the equation 


ge KG logio 


where R = The insulation resistance, in megohms, for a 
specified unit length. 

D = Outside diameter of insulation. 

d = Diameter of conductor. 

Unless otherwise stated, K will be assumed to correspond 
to the mile unit of length. 

Test.—The apparent insulation resistance should be meas- 
ured after the dielectric-strength test, measuring the leakage 
current after a one-minute electrification, with a continuous 

_e.m.f. of from 100 to 500 volts, the conductor being main- 
tained positive to the sheath or water. 

Multiple-Conductor Cables.—The insulation resistance of 
each conductor of a multiple-conductor cable shall be the 
insulation resistance measured from such conductor to all 
the other conductors in multiple with the sheath or water. 


Capacitance or Electrostatic Capacity. 


Capacitance is ordinarily expressed in microfarads. Linear 
Capacitance, or Capacitance per unit length, shall be ex- 


athe Standards committee does not commit itself to the prin- 

ciple of basing test voltages on working voltages, but it is not 
yet in possession of sufficient data to base them upon the dimen- 
sions and physical properties of the insulation. 
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pressed in Microfarads per unit length (kilometer, or mile, 
or one thousand feet) and shall be corrected to a tempera- 
ture*of lowe ©, 


Microfarads Constant—The Microfarads Constant of 
an insulated conductor shall be the factor “K” in the equation 


e= 


Logiyo —— 
d 
where C = the capacitance in microfarads per unit length. 
D = the outside diameter of insulation. 
d = the diameter of conductor. 
Unless otherwise stated, K will be assumed to refer to the 
mile unit of length. 


Measurement of Capacitance—The Capacitance of low- 
voltage cable shall be measured by comparison with a 
standard condenser. For long lengths of high-voltage cables, 
where it is necessary to know the true capacitance, the 
measurement should be made at a frequency approximating 
the frequency of operation. 


Paired Cables.—The capacitance shall be measured be- 
tween the two conductors of any pair, the other wires be- 
ing connected to the sheath or ground. 


Electric Light and Power Cables.—The capacitance of 
low-voltage cables is generally of but little importance. The 
capacitance of high-voltage cables should be measured be- 
tween the conductors, and also between each conductor and 
the other conductors connected to the lead sheath or ground. 


Multiple-Conductor Cables (not paired).—The capacitance 
of each conductor of a multiple-conductor cable shall be 
the capacitance measured from such conductor to all of 
the other conductors in multiple with the sheath or the 
ground. 

W. A. Det Mar, Interborough Rapid Transit Co. Chairman. 
A. Ames, Kerite Ins. Wire & Cable Co. 

A. Lb. Crater ING Y.” C: & HH; RoR, Co. 

W. C. Hayman, General Electric Co. 

R. W. Krass, New York Edison Co. 

W. I. Mippreron, Simplex Wire & Cable Co. 

F. J. Waite, Okonite Co. 


Committee on Industrial Trucks 


Your Committee on Industrial Truck Standards in its first 
report submitted standards which were adopted by the Asso- 
ciation on Capacity Rating, Speed Rating, and standard 
industrial truck voltage and standards for Tire Sizes. It 
has been ascertained that a number of tire companies are 
prepared to furnish the standards adopted by the Associa- 
tion, while the standards on capacity, speed and voltage 
have practically been made such by accepted practices and 
are in general use. 

Your Committee has underway the matter of collecting 
outlines and principal dimensions of industrial trucks with 
the diameter of the path of wheels in rounding curves, with 
the thought that this information may be of interest in 
laying out runways in our railroad shops and freight sta- 
tions. The information thus far received is not sufficiently 
complete to submit a report on the subject at the present 
time. : 

The subject of a standard motor outline for industrial 
trucks has received considerable thought and study on the 
part of your Committee and an endeavor will be made to 
arrive at a standard on this subject if it will be found pos- 
sible to bring to a head the slight difference now existing 
in dimensions of industrial truck motors. A similar Com- 
mittee is working in the Society of Automobile Engineers 
and it is expected that this Committee will have a report 
to make in January, 1916, and with the thought of your 
Committee co-operating with the Society of Automobile En- 
gineers’ Committee to the fullest extent possible on this 
subject that it will be better policy to await the action of 
the S. A. E. before proceeding to adopt standards by the 
A. R. E. E. With this thought, your Committee requests 
that it be continued another year. 


T. V. Buckwalter, 
Chairman, Industrial Truck Committee. 
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Rules 


General. 


Your committee presents a set of specifications which are 
intended to cover the complete installation of an electrical 
wiring system for the lighting of passenger cars that will 
meet the requirements of the Board of Fire Underwriters 
Rules. | ts 


It shall be understood and agreed with the car builders 
that these specifications shall be fulfilled in their true spirit 
and meaning, to the satisfaction of the electrical depart- 
ment of the railroad company and shall provide for a first- 
class and complete system of wiring in every respect. It 
shall be further understood and agreed that any apparatus 
or appliance essential to the safe, proper or convenient 
operation of the system shall be supplied and installed at 
cost, even though such appliance be not called for in these 
specifications. 


The wiring shall be arranged for use in connection with 
Axle Driven—Volt Generator or Head End—Volt Generator 
operated in conjunction with a storage battery mounted 
under the car body. The wiring system shall be complete, 
including conduit, conduit fittings, outlet boxs, switches, cut- 
outs, fuses, sockets, fixtures, wires, cables, etc. The wiring 
shall be in accordance to prints approved by the railroad 
company. 

The car builder shall furnish blue prints showing conduit 
plan, wiring diagrams and any other prints necessary for 
the application of electrical equipment. The car builder 
shall also furnish print of the details and application as he 
interprets the lighting arrangement and submit them to the 
railway company for their approval before starting work. 
A floor plan showing the location of lights shall accompany 
specifications of each class of car. An underframe plan 
showing location of equipment boxes and all other apparatus 
placed under car body shall be furnished. The car build- 
ers must in all cases ascertain for themselves that the 
specifications in their possession are of the latest revision. 
The railroad company shall specify under separate heading 
all materials used, showing catalogue number of fittings 
and equipment. The standard rules for car wiring of the 
A. R. E. E. shall govern the installation of conduit and 
wires on all cars, and are incorporated herein: 


Standard Rules for Car Wiring 
CW-1, 1915 
Conduit and Fittings. 


1. All wiring must be done in approved galvanized or 
sherardized steel conduit of sufficient size to allow for the 
pulling in freely of all wires after conduit is in place. 

2. Conduit must be so arranged that wires can be re- 
newed without necessitating the removal of the interior fin- 
ish of the car. 

3. Conduit and fittings to be firmly and substantially fast- 
ened to the frame-work of the car. 

4. Fittings must be so installed that the covers will be 
accessible. 

5. Ends of conduit must be cut square and reamed smooth 
and must be butted together in couplings. 

6. No conduit smaller than 34-inch shall be used. 

7. Where pipe threads are exposed they must be leaded 
and painted. 

8. All conduit for circuit wiring must be run inside the 
car. 

9. Conduit for generator leads shall run direct from the 
generator connector to the regulator locker and must not 
be less than 1% inches in size. 

10. Conduit for battery leads and charging receptacles 
shall run to a junction box located near the battery box. 

11. Conduit for battery wires shall run from a junction 
a located near the battery box direct to the regulator 
ocker. 

12. A junction box must be placed in the conduit where 
a reverse or double bend occurs or the run is too long to 
allow the wire to be readily fished through the conduit. 

13. Junction boxes and outlet fittings exposed to the 
weather shall be of cast iron, to be made of one piece and 
have threaded hubs that shall engage at least five threads 
and have integral bushings. 

14. The conduit must be so constructed as to form one 
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for Car Wiring 


perfect electrical conductor and this shall be connected by 
the ground clamp to the iron frame-work of the car. 

15. Connection from conduit to ground must be exposed 
to view and readily accessible and must be made with a cop- 
per wire of at least No. 6 B & S gauge. 

16. Light fixtures and fans must be either thoroughly 
insulated from or else solidly connected to the frame-work 
of the car and conduit system. 


Generator Lead Connector. 


1. A generator lead connector having no exposed live 
parts and so constructed that no tools will be necessary to 
make and break connections, and that the polarity cannot 
be reversed when the plug is inserted; to be used to con- 
nect the generator leads to the wiring on the car body. 


Charging Receptacle. 


1. A charging receptacle shall be placed on each side six 
inches back under the bottom of the car. 

2. The receptacle must be designed so that the strain 
of the plug is taken on the frame of the receptacle and not 
on the contact parts of either plug or receptacle. 

3. These receptacles shall be housed in swivel cast fit- 
tings with self closing doors. 

4, Contact parts must have sufficient capacity to carry 
65 amperes of current without temperature rise exceeding 
15 degrees C. 

5. Charging plug and receptacle must be interchangeable 
with the M. C. B. Standard. 

6. The positive pole must be connected to the outside 
annular ring, negative pole to center post. — 

Wiring. 

1. All wires and cables must be insulated with Grade 
“A” insulation according to specifications of the A. R. E. E., 
and must be double braided. 

2. No wires smaller than No. 14 B & S gauge shall be 
used, except for fixture work, where No. 18 B & S gauge 
may be used. 

Main circuit wires shall be at least No. 12 B & S gauge. 
All wires of No. 8 or larger must be stranded. 

5. Generator leads and train wires must be extra flexible 
as prescribed. 

6. Slack in wires must be felt at all outlets and junctions. 

7. No joints or splices will be permitted in conduit be- 
tween junctions or fittings. 

8. All joints in wires and cables must be so spliced or 
joined as to be both mechanically and electrically secure 
without solder. 

9. All joints must be soldered. 

10. The soldering flux must be free from acid. 

11. The insulation on wires 
marking or cutting the wire. 

12. Care must be taken that no sharp point of wire or 
solder is left to pierce the insulation and cause a ground. 

13. The joint must be: covered with approved splicing 
tape of sufficient thickness to make the joint equal in insula- 
tion to the rest of the wire, this shall be covered with ap- 
proved friction tape. 

14. The generator leads from dynamo to the terminal 
connector on the car body shall consist of No. 4 B & §S 
gauge extra flexible stranded (133 strands or more) con- 
ductor covered with grade “A” insulation and one linen 
braid saturated with weather-proof compound. 

15. All generator leads to be enclosed in a canvas hose 
or equivalent protection. 

16. The train connector cable to be of No. 2 B & S gauge 
extra flexible (133 strands or more) insulated with grade 
“A” insulation and covered with weather-proof braid or 


No. 2/0 B & S gauge flexible stranded (836 strands or more) 


covered with grade “A” insulation and weather-proof braid. 

17. Battery connector cable must be No. 4 B & S gauge 
stranded (133 strands or more) insulated with grade “A” 
insulation but with no other covering. 


Fuses and Cutouts. 


1. Each circuit of the car wiring must be provided with 
an automatic fuse cut-out in each wire placed on the switch- 
board and the fuses in the same so proportioned that they 
will blow and disconnect the circuit before the wire becomes 
overheated. 

2. The fuses protecting the generator shall be located 


must be removed without 


October, 1915. 


on the regulator panel and must be so connected that the 
blowing of the main generator fuse will disconnect the 
field circuit also. 

3. The fuses protecting the batteries must be located in a 
‘substantial cast iron weather-proof fuse-box with hinged 
cover and substantial wing-hut catch just outside of the 
battery box, one at each battery terminal. 

4. No taps for regulator wiring shall be connected on the 
lamp circuit outside of the fuse cutouts. 

5. The table of “Allowable carrying capacities of wires” 
issued by the National Board of Fire Underwriters shall 
guide installation of all cutouts. 

6. The terminal for reception of fuses on individual lamp 
and fan circuits must be of the ‘‘Edison” screw shell type. 

7. The fuse terminal for axle generator field must be of 
the ferrule clip type with 1 in. clear space between clips. 

8. The terminal for the main generator fuse must be of 
the knife blade clip type and have 4 in. clear space between 
clips. 

°. The terminal for the battery fuses under the car must 
be of the knife blade clip type of 150 ampere capacity N. E. 
C. standard and have 4 in. clear space between clips. 

10. On the switchboard, the battery, main light and train 
wire circuits must be each provided with terminals for recep- 
tion of link or ribbon fuses 2% in. between centers having 
wing nuts with washers for screwing fuse to strap. 

11. Fuses may be omitted on the switchboard battery 
terminals. 

12. Ail wires must be marked at the terminals for iden- 
tification of polarity. 

13. Positive terminal must be to the right when facing 
the apparatus or the upper when the terminals are in a 
vertical row. 


Switchboard. 


1. The switchboard must be made of one piece of oiled 
monson slate. 

2. It must be so constructed that fuse cutouts and cir- 
cuit switches can be removed or replaced without taking 
down the switchboard. 

3. The main circuit switch must be placed on the switch- 
board and must be proportioned to the connected lead, but 
must be built for a minimum of 60 amperes capacity. This 
rule applies to train line switch also. 

4. The main circuit switch and train line switch must be 
equipped with stamped open link fuses fastened with wing 
nuts. 

5. The main circuit switch must control both sides of 
the circuit and must disconnect the car circuits and the 
lamp voltage regulator from the battery. 

6. All connections on switchboard must be made with the 
positive to the right facing switchboard. When vertical 
mounting makes this impossible the top connection shall be 
positive. 


Regulator Locker. 


1. The regulator locker must be metal lined or constructed 
of steel not less than 12 in. in depth and 20 in. in width, 
24 in. preferred, if possible. 

2. Suitable locker space must be provided for the gener- 
es lamp regulators, and for the car circuit switch- 

oard. 

3. The regulator shall be mounted on “Z” irons which 
must be securely fastened to the back of the locker by bolts 
where the construction permits and where screws are used 
they must be spaced not more than 4 in. apart. 

4. The switchboard and regulator panels must be secured 
with 3¢ in. hex-head bolts which must be slotted for screw 
driver. The “Z” iron shall be tapped to take the standard 
% in. bolt. 

5. The locker shall be ventilated entirely from within the 
car by means of openings at the top and bottom of the 
locker door. j 

6. Where the locker is built below the door level the 
bottom of the locker must be closed so that material or 
rubbish can not accumulate in it. 

7. Where the door extends to the floor a false bottom 
shall be placed in the bottom of the locker at the angle of 45 
degrees so that rubbish can not be swept into the locker. 
Under no circumstances will the mounting of the regulator 
below the level of the door opening be permitted, 

8. A notice must be mounted in the switchboard locker 
giving the following information: 

System. 

Type of Generator. 

Type of Regulator. 

Number of cells in series. 

Number of sets in parallel. 

Ampere hour capacity (8 hour rate). 
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Normal Charging Rate................ jE Saber yh hk eck eeey 
size of Trains Wires... B & S gauge. 
Number of train wires. 
Ampere load—all lights (lights only). 
Setting of axle generator................ Amperes. 
Cut in voltage. 
Voltage of lamps. 
Amperes no light. 
Amperes full load (Light and Battery). 
PAUSE Geom Veeeeeaens Diameter... Faces Bore: tse 
Generator Pulley.......... Diameter.......... Bacene2&,. Gress. 


Lengthiar belt... 
Diagram of connections. 


Fixtures. 


1. The fixtures must be designed so as to be easily wired, 
all corners to be rounded off to prevent abrasion or cutting 
of the wires when they are pulled in. 

2. A high grade heat resisting insulation must be used on 
all fixture wire and in the composition of-the sockets. 

3. In the construction of sockets nothing less than a 
standard 3@ in. socket base, standard pipe threads and center 
spring contact must be used. 

4. All fixtures of any certain design must have a standard 
base with holes bored to a template so that when the fixture 
is removed another of the same design can be put in its 
place without necessitating the boring of new holes. 


Train Lines. 


1. Cars operated on head end systems must be equipped 
with 3 train wires of 4/0 B & S gauge wire. 

2. All cars equipped with train wires must be fitted with 
standard train line receptacle and connector. 

3. If only two wires are used, they may be No.2 B&S 
gauge, and the center connection is to be omitted. In this 
case the female receptacle is to be marked “NOT FOR USE 
ON HEAD-END SYSTEMS”. 

4. The train wire connector must be interchangeable with 
the No. 3 Gibbs connector and receptacle. 


Generator and Suspension. 


1. The generator shall be suspended so as to have. not 
less than 1 in. clearance from brake rod and brake release 
springs which must permit ready inspection and repair to the 
generator. 

2. There must be not less than 6 in. clearance between 
the generator and the track rail and not less than 5 in. be- 
tween the top of the generator and the car body. 

3. No apparatus, equipment or battery box must be placed 
within five feet of the generator. 

4. The loop formed by the generator leads must not be 
less than eight inches above the rails. 

5. The belt running over the end-sill and under the brake 
beam must have not less than 1 in. clearance from the same. 
6. The belt must not run through a slot in the end sill. 

7. If running over the brake beam, the belt must have at 
least 2 in. clearance from the same when the brakes are set. 

8. Steam drips must be provided with drip shields extend- 
ing to within 6 in. above the top of the rails. 

9. The car builder must furnish an underframe plan show- 
ing location of all apparatus placed under the car body, with 
the clearance shown in detail. 

10. All equipment must conform to the clearance adopted 
by the American Railway Association’s diagram covering 
standard limits of clearance lines for third rail and rolling 
equipment. (See Circular No. 1192.) 

11. The suspension parts must be securely bolted or riv- 
eted and must be firmly braced and secured either to the car 
body or the truck frame. 


Battery Boxes. 


1. Battery boxes must be installed under the body of the 
car, near the center and 6 in. back from the side. 

2. The battery box supports must pass under the box so 
as to carry the weight of the batteries and be securely 
fastened and braced to the car body. 

3. The battery box must be built so that it can be re- 
moved without removing the supports. 

4, Clearance should conform to the requirements of the 
electric zone of the city of New York. 

5. Battery boxes must be built of % in. steel divided into 
two compartments each having inside dimensions as fol- 
lows: 21% in. high, 28 in. deep and 45% in. long. 

6. Each compartment must be lined with wood 34 in. 
thick on top, sides, back and door, and applied so as to’ be 
easily removable. 

7. The wooden 


bottom must be 1 in. shiek andwso: ar- 
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ranged that it can be renewed without disturbing the rest of 
the wood lining. 
8. The wood must be saturated with a composition of one 
part paraffine and one part beeswax or rosin. ; 
9. Each compartment must be ventilated by four holes in 
the bottom of the box covered with wire netting, and a 
cast iron ventilated handle on each door. 


10. The doors must open or close independent of each 
other. 
11. The hinges and door fasteners must be heavy enough 


to carry the weight of the batteries and must be arranged 
so that door can be sealed. 


YY W 
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Your committee has confined its work to continuing its 
investigation of the subject of illumination of classification 
yards and has also prepared a brief resume of the develop- 
ment in incandescent lamps during the year. 


Illumination of Classification Yards. 


In the committee’s report for last year the problems in- 
volved in adequate lighting of classification yards were de- 
scribed briefly. On account of the lack of reliable data, the 
rapid changes taking place in development of lighting units, 
etc., it was felt inadvisable to submit any recommendations 
until illumination tests could be made on an actual installa- 
tion with various arrangements and types of modern lighting 
units. Plans were made to carry out such tests on a new 
installation to be made in a typical classification yard of one 
of the railroads. For unavoidable causes the installation of 
the lighting system was delayed until a short time ago with 
the consequence it has been impossible to secure the desired 
data in time to present at this meeting. Your committee 
decided it would be inadvisable to present its recommenda- 
tions until completing the test data and therefore a report 
on this subject will be submitted later. 

In connection with this work the committee is in touch 
with the Sub-committee on Classification Yards of the Amer- 
ican Railway Engineering Association’s Yards and Term- 
inals Committee and has arranged to furnish them with the 
results of this Association’s study of the yard lighting prob- 
lem. 


Developments in Incandescent Lamps. 


In the incandescent lamp field improvements and changes 
during the past few years have been and continue to be so 
rapid that it is difficult for the average user of lamps to keep 
up with them. Your committee believes, therefore, it would 


be desirable that the Committee on Illumination, as a part - 


of its regular work, keep in close touch with the develop- 
ment in incandescent lamps, especially where largely affect- 
ing the railway user, and present in its annual report at least 
an outline of the developments that have taken place during 
the year. 


Since 1907 the sales in this country of Mazda lamps have 
been increased from 0.10% to 71% of total lamps sold, while 
that of carbon lamps has decreased from 93 to 7%, the re- 
mainder being practically entirely Gem lamps. With the de- 
crease in price and increase in efficiency of Mazda lamps it is 
highly questionable today that there is any place in railway 
Service where the use of carbon or Gem lamps can be justi- 
fied with the exception of where mechanical breakage is ex- 
cessive due to vibration or other causes. 


During the past year development work has been prin- 
cipally along the lines of increasing the number of sizes of 
the Mazda C, or gas filled lamp bulbs. They are now com- 
mercially available in the multiple burning type from 1000 
watts down to and including 100 watt size in the 110 volt 
class, and will probably soon include the 60 watt size, while 
in the 220 volt class they are available in sizes as small as 
the 200 watt lamp. On the other hand, the vacuum type of 
Mazda multiple burning lamps are no longer listed in sizes 
above 100 watts for the 110 volt class and 250 watts for the 
220 volt class. Improvements have been made in securing 
a more uniform product, while their development has 
reached the stage where the bulb shapes and dimensions are 
practically standardized. 


The development work in the Mazda C lamps for train 


lighting service has progressed to the point where they will 
soon be commercially available. In this connection there is 
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12. A bar must be placed in front of the batteries so as 
to prevent them from moving. 


removable for inspection of batteries. 
Respectfully submitted, 


Gro. B. Corecrove, Ill. Cent. Ry., Chairman, 
F. J. Hitt, Michigan Central. 
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S. W. Everett, Santa Fe. 

E. E. Gopparp, Penn. R. R. 

R. Pacuary, Rock Island Lines. 

J. L. OuMmans, Chicago & Western Ind. 


ittee on Illumination 


the important question to be settled of the sizes that should 
be provided as it is highly desirable to avoid the multiplicity 
of sizes that railroads have been using in the vacuum type. 
This is a matter regarding which the Association should 
take formal action. 

In the Mazda B or vacuum type lamp the improvements 
made have been almost entirely in increasing the efficien- 
cies. These have amounted to approximately 6 to 9% and 
in a few sizes somewhat more. In the train lighting lamps 
the increase has been about 5% for the smaller sizes and 10% 
for the 40 watt size. The accompanying table shows in tab- 
ulated form the new Mazda lamps that have been introduced 
since October, 1914, as well as the changes in efficiencies 
that have taken place. 


NEW MADZA LAMPS 
October 1, 1914—July 1, 1915 


Size Volts Type 
Multiple Burning, Mazda B 
7% watt 105 to 125 Straight Side—Sign Lamp 
25 mf “ a “ Mazda B Ccil 
40 “ “a “ « “ “ 
60 “ “ “ “ “ 7 a“ 
Mazda C 
100 5 Pear Shape 
200 S 220 to 250 = oi 
300 “ “ “ “ 
300 «“ “ “ “ 
500 «“« “ “ “ 
750 “ “« “ 
] 000 “ “ « “ 
Size Volts Type 
Series Burning for Street Series Service 
100 ¢. p 7.5 amp. Straight Side, Mazda C 
400 “ Gi Pear Shape, Mazda C 
600 «“ “ “ “ “ “« 
Train Lighting Lamps 
75 watt 30-34 & 60 to 65 Round 
CHANGES IN EFFICIENCY 
October 1, 1914—July 1, 1915 
Efficiency W. P. C, 
Size Volts Type Old Present — 
Multiple Burning. Mazda B 
10 watt 105 to 125 Straight Side 1.30 1.05 
iby 2 G ¢ 1.25 1.10 
20 “ “ “ “ 1.17 it 07 
Vay Ms S 1.14 1.05 
40 rs a 2 A 1.10 1.03 
60 2 a a e 1.07 1:00 
100 ‘ « z! ¢ 1.02 95 
Thay y Round 1325 P15 
25 eS a 1.14 1.05 
40 : C e 1.10 1.03 
60 Z s 1.07 1.00 
100 “ 3 i 1.02 195 
45), cS Tubular 1.14 1.05 
25 ‘ ¢ Straight Side 1.33 1.20 
40 : us 4 1.28). «dat 
60 “ “ * 1.23 1.10 
100 “ “ a“ ‘ 1 F 12 1 00 
150 F 4 4 1.05 1.00 — 
250 “ “A S 1.00 95 
25 fs 3 Round dere 1.20 
40 ‘ - Z 1.28 AD 
500 Me & 1.10 -90° 
i Mazda C ; 
200 105 to 125 Pear Shape 9 75 
390 “ “« “ “« 85 a 
400 “ Z ce € 75 Mi 
200 RS 3 oe oF 8 9 
S00tS a ss G .78 -85 
750 4 «“ a 4 60°". ee 
1000 “ «“ “ « 55 60 
ee eee eee 


This bar must be easily 
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October, 1916. 


Efficiency W. P. C. 


Size Volts Type Old Present 
Series Burning for Street Railway Service / 
105 to 130 Straight Side 1.30 Geek 
a" es oe 1:26 1.09 
56 « “ “ “ 1 i 16 1 02 
94 . : = 1.14 97 
Series Burning for Street Series Service 
5.5 amp. ws 78 
80 ar oe 27 74 
100 “ £ 19 72 
250 “ j 73 .68 
400 “ es 71 .68 
id 6.6 amp. 67 78 
80 % 7 66 74 
100 “ .65 71 
2 i .63 65 
490 « § 61 64 
600 “ B 61 64 
: 7.5 amp. 67 78 
8) * v eT 
100 “ : .65 71 
250 .° ig 63 63 
49) - 61 62 
600 “ .61 62 
#90. -“ 15 amp. 54 50 
62) * 20° “ 50 47 
1000 “ 20 “ 50 4T 
Train Lighting Lamps 

15 watt 25 to 34 & 50 to 65 1.17 1.12 
Os '« Y.15 1.10 
i TS 1S a 1.10 1.00 
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Recommendations. 

With the rapid development in incandescent lamps involv- 
ing, in some cases, radical changes, new problems are con- 
stantly arising affecting the rating, testing of lamps, etc. 
Your committee therefore recommends that the Committee 
on Illumination of the Association of Railway Electrical 
Engineering include each year as a part of its regular duties 
the following: 

1st—Co-operation with other associations and the lamp 
manufacturers with reference to revision of standard incan- 
descent lamp. specifications, submitting at each annual meet- 
ing such revision as may have been ‘found desirable due to 
progress of the art. 

2nd—Important changes it may be desirable to make in 
train lighting, headlight, or other types of lamps used prac- 
tically exclusively by steam railroads, should be brought to 
the attention of the Association for its recommendations by 
the lamp manufacturers. Such matters would be gone into 
by the committee taking them up with the various railroads 
and lamp manufacturers or whatever course of action might 
be necessary to secure the views of the lamp users. 

Respectfully submitted, 

Committee on Illumination: 

MOM BiLpAU bs co Oo Ray Chairman, 
. W. Benver, Nat'l Lamp Works of G. E. Co. 
. C. Doane, Holophane Works of G..E. Co. 
. C. Metoy, New York Central (Lines West.) 
ales Minick, Penn. R. R. 
. O. Moores, B. & O. R. R. 
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Crane Motors 


Study of Existing Conditions 


This committee was originally instructed to investigate 
and report on the subject of standardization of motors for 
shop traveling cranes and also for turn and transfer tables. 
But after a. preliminary investigation, it was decided that the 
work involved in obtaining something in the way of stan- 
dardization of shop_traveling crane motors alone, would re- 
quire all of the time at the disposal of your present com- 
mittee. Therefore, the latter two subjects will not be dis- 
cussed in this report. 


From the 1914 report of the Cumaiiice on Data and In- 
formation, it was clearly shown that the present shop travel- 
ing crane equipment is in a rather chaotic condition so far 
as any attempt at standardization or uniformity of motor 
size is concerned. The information obtained by this com- 
mittee from the various railroads fully corroborates the in- 
formation compiled by the previous committee. 


Crane Capacities. 


From the information furnished by the various railroads it 
is found that between the capacities of 1 ton and 150 tons, 
there are 25 different crane sizes of shop traveling cranes 
employed, which are as follows: 

isa, 2) 3, 4, 5, 6, 734, 10, 12, 15, 
80, 90, 100, 120, 125, 130, 150. 

Of course, many of these cranes are rather old and ac- 
cordingly are either above or below the capacity required 
for their present work, but it is an unquestionable fact that 
railroad repair shop service does not represent any such a 
wide range of conditions as would require 25 different crane 
capacities. 


20, 25, 30, 40, 50, 65, 75, 


Horse Power 


In the matter of motor horse power for main hoist, bridge 
and trolley movements, for cranes of a certain capacity, fhe 
statistics furnished by different railroads again show a very 
chaotic condition, for instance, of the 108 10-ton cranes for 
which data has been compiled by your committees, there are 
35 different motor sizes and combinations. There are 12 dif- 
ferent motor sizes for the main hoist alone and a corre- 
spondingly wide variation in motor size for bridge and trol- 
ley movements. 


While it may be held bv some, that different motor sizes 
are required because of different operating conditions, any 


engineer who gives the matter a thought must realize that 
here lies some important work to be done in the way of 
standardization of motor sizes; so that future installations 
of shop traveling cranes equipment will be made ca a unt- 
form basis and the number of motor sizes be reduced to a 
minimum. 

The gun shot diagrams, as shown in Figs. 1 and 2, show 
graphically the information furnished for two of the many 
sizes of cranes listed. In the one case are shown eleven 100- 
ton cranes and in the other case 3... -. 10-ton cranes, which 
can be taken as characteristic of all crane capacities. Each 
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Fig. 1. Curve Showing Number of Cranes of Various Sizes Reported 


by Railroads 


of the heavy crosses indicate the motor sizes and hoisting 
speed of one crane. It will be noted that there is a wide 
diversity of results which would indicate that either the hoist- 
ing speeds were taken when running light, that there was an 
error in taking the speed ratings, or what would seem to be 
more reasonable, that the cranes were greatly over-rated so 
far as the speed of operation was concerned, for 7 of the 10 
cranes reported specified an operating speed not even theo- 
retically possible with the size of motor employed. In case 
of three of these cranes, however, the overload rating of the 
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Gun-Shot Diagram Indicating Motor Sizes and Operating Speeds for 10 Ton Cranes. 
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motor would easily take care of the difficulty, but it.can be 
safely said that 4 of the 10 cranes reported are much over- 
rated. The speeds and motor sizes for bridge and trolley 
movements show a correspondingly wide variation as will 
be noted from the diagrams. 

It is hoped that the future work of this committee may 
form a logical basis which will materially assist railroad. en- 
gineers in the selection of their crane equipment in the future. 


Analysis of the Problem 


It is needless to state that your committee has fully ap- 
preciated the great magnitude and likewise the importance 
of the work assigned to it in endeavoring to standardize on 
motor sizes for shop traveling cranes. This involves far 
more than might be thought for there are several other fea- 
tures regarding traveling cranes which must be standardized 
before it will be possible to arrive at any standards what- 
ever in regard to motor sizes. 


Crane Capacities 


The first step is to standardize on such crane capacities 
as will fully meet the needs of the modern locomotive repair 
shop, and at the same time reduce the total number of dif- 
ferent crane capacities to a minimum. After giving this sub- 
ject very careful consideration your committee has to recom- 
ment nine crane sizes as follows: 

2, 5, 10, 15, 30 (single and double trolley), 60, 75, 120 (dou- 
ble trolley), 150 (double trolley). 

Moreover, the 30-ton, 120-ton and 150-ton cranes will each 
have a double trolley hoist so that the hoisting equipment 
covering all sizes of traveling cranes will be actually re- 
duced to seven sizes as follows: 

2, 5, 10, 15, 30, 60, 75. 

Your committee realizes that there may be individual 
preferences on the part of many engineers for odd sizes of 
cranes, but it is no trade secret that odd crane sizes speci- 
fied by railroad engineers usually are made up as a compro- 
mise equipment from a few standard sizes, and not always 
with the best results for either the crane manufacturer or 
the railroad company. 

It would seem that these crane sizes recommended will 
readily take care of practically all conditions of shop opera- 
tion as follows:— 

2-ton crane for machine bays. 

5-ton crane machine or erection bays, material yards, 
etc; 

10-ton crane machine or locomotive bay, blacksmith 
shop, yard, etc. 


15-ton crane, boiler shop. 
30-ton crane, boiler shop. 
120 and 150-ton crane (60 and 75-ton hoists) locomo- 
tive erecting bays. 
This report does not attempt to cover the smaller classes 
of cranes, such as walking, jibs, “I” beam cranes, etc. 


Operating Speeds 

The operating speed of the main hoist bridge and trolley 
movements of the various sizes of cranes is the next step to 
be standardized on before standard motor sizes may be de- 
termined. Your committee has consulted every crane manu- 
facturer known as such in the country, a list of approxi- 
mately 20. Satisfactory information was received, however, 
from only four of the more important crane manufacturers 
and this is shown graphically in the accompanying diagrams, 
Figs. 3 and 4, the data furnished by each manufacturer being 
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Fig. 4. Diagram Showing Main Hoist Operating Speeds Recom- 
mended by Four Manufacturers for Various Sizes of 
Cranes. Heavy Solid Line Indicates Average. 
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indicated by a different type of line. Fig. 3 shows the recom- 
mended speeds for the main hoist for various sizes of cranes. 
The “A” manufacturer, gave information as to high speed 
and low speed in addition to the medium speed shown. It 
was assumed, however, that on one hand the high speed 
data would apply to such traveling cranes as are used in 
steel mills, and on the other hand, the low speed data to 
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such cranes as are used in storage yards, etc. So this data 
was eliminated and only the medium speeds given by this 
manufacturer were listed; this, however, checks reasonably 
well with the data received from the other manufacturers. 

In considering this matter of speeds it must be realized 
that the operating speed at full load will depend altogether 
upon the size of the motor selected and where, as in the 
case of the “A” manufacturer, a 50 h. p. motor is used on 50, 
40, 30, 25 and 20-ton cranes, the full load operating speed 
will be much higher in the smaller sizes than that of another 
crane manufacturer who has selected a motor more nearly in 
accordance with the capacity required for that crane. ‘The 
heavy line curve shows the average of all speeds recom- 
mended and it should be noted that this follows very nicely 
to a hyperbolic curve which would be expected. Tabulating 
the data the average hoisting speed of all crane manufac- 
turers’ recommendations, is as follows: 


Tabie I. 

EEO Tee 35 ft. per minute 

Fig CO Ties eee 30 ft. per minute 

1G) COT. ee: 25 ft. per minute 

DL COTES Se 20 ft. per minute 

SAS POR sctcacrdece 20 ft. per minute 

SOmUOT Ee 8 ft. per minute 

KOR UOT 2. 7 ft. per minute 

> P20>tOni. 8 ft. per minute 
ft SO SLO N ed ee = 7 ft. per minute 


Bridge Traveling Speeds. 

The speed at which the bridge of a crane should travel 
will, of course, depend largely upon the length of runway 
and here it is found that there exists a somewhat wider 
variation, due to local conditions, than in the case of the 
main hoisting speed. The bridge travel speed will vary not 
only with the length of runway, but also with the length of 
span, for this determines the total weight of the bridge, 
hence the operating speed for a gfven size motor. Manu- 
facturers commonly employ a formula of 60 lbs. tractive ef- 
fort per ton weight, this being made very liberal to allow for 
inaccuracies in the runway gauge, excess friction, etc. 

Although complete information has not been received on 
this point from all the manufacturers, the data furnished 
for bridge traveling speeds is approximately as follows:— 


2 ton ft. per minute 
5 ton ft. per minute 
10 ton ft. per minute 
15 ton ft. per minute 
30 ton crane............ 200 to 250 ft. per minute 
GO =tOm® Granée.2a2s =. 150 to 200 ft. per minute 
75: ton- cranes. &. 150 to 200 ft. per minute 
a20 ton’ crane.--.-.- 150 to 200 ft. per minute 
150 ton crane............ 150 to 200 ft. per minute 


Trolley or cross trolley speed— 

5 and 10 ton cranes, 125 to 150 ft. per minute. 
15-30, 100 ft. per minute. 

60-75 and 120-150, 80 ft. per minute. 
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Motor Sizes 


The motor sizes recommended by four of the crane manu- 
facturers for the various capacities of cranes are shown in 
Figs. 2, 3 and 4 and it will be noted that the motor sizes are 
in most cases simply a compromise, selecting the nearest 
standard size motor to the size required for operation at the 
specified. speed. Here again the average of all motor sizes 
recommended is plotted as a heavy solid line and this will no 
doubt be an important factor in the further work of this 
committee in actually standardizing on motor sizes. Tabu- 
lating the data of one of the manufactures for main hoist 
motors we obtain the following table; this should not be 
taken, however, as a recommendation of the committee for 
further investigation may considerably alter the values: 


Table III. 

5 ton horse power 
10 ton horse power 
15 ton horse power 
20 ton horse power 
25 ton horse power 
30 ton horse power 
49 ton horse power 
60 ton horse power 
75 ton horse power 


Your committee, however, does not feel justified in mak- 
ing any definite recommendations as to motor sizes at pres- 
ent, but it is hoped that a further study into the problem will 
make it possible to standardize not only as to motor sizes, 
but as to motor outline, base templates, motor shafts and key- 
ways. The standardization of motors should be accom- 
plished in conjunction with representatives of the motor 
manufacturers so as to avoid destruction of present designs 
whenever possible. The great advantage of such standardi- 
zation in crane motors is at once evident, for it would then 
be possible to reduce the number of spare motors, arma- 
tures, etc., carried in stock to a minimum, and in case of an 
emergency, it would be possible to install a crane motor of 
any make temporarily at least, in place of a corresponding 
size motor on any type: of crane. It is recommended that 
this committee be continued for another year in order to 
allow this work to be carried to a successful conclusion. 

Respectfully submitted, 
He GaWelov.- Chairman N.. Yo Ge-(Lines West). 
T; VP Buckwalter, PaxR.-R: 
jEeaGananer, Cy Bo & OR. RR: 
Ae jer arrelly.. Gy éeNn We. Ry. 
Edward Wray, Rrailway Electrical Engineer. 
Guie Gausiand Pat "RoR: 
P. L. Batty, Arnold Company. 
R. 'M. Gaston, Geo. P. Nichols & Bro. 
B. F. Bilsland, General Electric Co. 


Air 


Generation 


Upon a survey of the use of compressed air in railroad 
shops, your committee has come to the conclusion that the 
subject naturally divides itself under two heads: (1) The 
generation of power; (2) the means of utilizing the com- 
pressed air power generated with a view to comparing the 
aed of compressed air tools with those of electric driven 
ools. 


Your committee finds, however, that the time available 
permits only a discussion of the subject of compressed 
air generation at this time and suggests that the further 
subject of the uses and abuses of compressed air in shops, 
terminals and yards, and the comparison of electric and air 
driven tools, be referred to a future committee. 

here are two primary factors governing the selection 
of power for driving air compressors in railroad shops or 
' terminal plants. 

(a) The cost per indicated horse power or kilowatt for 
steam, electric or modern oil engine power, delivered to the 
piston rods of the compressor pistons. 

(b) Cost of distributing mains and laterals, or in other 
words, all parts of the compressed air plant except the com- 
pressing unit. 

Under the first factor, we have to consider, first, the cost 
of installation, cost of operation. maintenance, depreciation 
and the fixed charges. Under the second factor, we have 
the overhead charges to consider, also the center of demand, 
line loss, ete. 

In figuring the cost of steam for steam driven compres- 
sors, we must figure that in the majority of plants, often- 
times practically the entire boiler output is required in the 


winter time for the production of heat. This meaning 
largely plants in that part of the country which have at 
least a month or more of winter weather. It is therefore 
necessary to have these boilers whether the air compressor 
is driven directly by steam or not, even though the air 
compressor is located only a short distance from the com- 
pany’s power plant, and there is a loss in converting the 
steam energy into electric power and again converting the 
electric power into air power, in fact it is probable that more 
loss would be experienced than with a properly designed 
distribution system. This is especially so, since even with 
a small compressor it is necessary to run a large number of 
small pipes and these are the most expensive part of the 
distributing system. 


Comparison of Systems. 


For purposes of illustration, we will work out three typical 
installations; one where a motor driven compressor would 
be advantageous; one where an oil engine driven compressor 
would be advantageous, and one where a steam driven com- 
pressor would be advantageous, thereby endeavoring to 
show an approximate line-up covering the installation of 
air compressors. In many instances where the installation 
would not be entirely typical for any one class of driven 
compressors, it is very probable that a few local conditions 
would turn the tide directly in favor of.one or the other. 
This, of course, would have to be worked out by the engineer 
who is making the plans for the installation. 

Takine it for granted that the steam is properly and eco- 
nomically produced in a railroad shop or terminal power 
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plant, we will follow the distribution of the steam through 
the various classes of equipment, thus showing what pro- 
portion of the total steam production charges can be justly 
apportioned to the cost of air production, after other de- 
vices of any description, using steam, have been considered; 
this, of course, including steam heat, which is one of the 
most difficult charges to take care of. 

Next, we will figure the efficiency or efficiencies of various 
types of steam driven compressors. Some of these com- 
pressors are very efficient, running up to 88 per cent effi- 
ciency; other compressors are very inefficient. I have 
known compressors that could only produce their rated out- 
put by running away over their rated speed, in fact a speed 
which would endanger life and property. The machine and 
the design of the machine was such that steam would be 
used for the entire length of stroke, which would cause a 
waste of from $10.00 to $15.00 per shop day on fuel. The 
steam end cylinders, clearances, ports and valve designs 
have an important bearing on the cost of production; like- 
wise the air end, especially as regards valve design and 
clearances. 

We will take it for granted that the moving parts and 
main bearings, valve motion gear, etc., are properly de- 
signed to give efficient and continuous service, as we must 
not lose sight of the fact that continuity of service is as 
desirable as is efficiency. 

Steam Driven Compressors. 

In figuring a typical design of steam driven air compres- 
sor, it is the intention to figure a high class machine. 

In figuring an air compressor driven by an electric motor, 
we will also consider a high class efficient comipressor, 
driven preferably by a three phase induction or synchron- 
ous motor, taking into consideration the load factor and go- 
ing into a detailed discussion of unloading devices versus 
change of compressor speeds to meet the varying load 
conditions. 

The air compressor driven by an oil engine might well 
prove typical to a large railroad yard located at some dis- 
tance from the steam driven compressor plant, where there 
would be no cheap available electric current. This engine 
would be, preferably, of the Diesel type. A 

The distribution system can be made very expensive or it 
can be made fairly inexpensive by a proper design and lay- 
out of the system. 

In most of the railroad shop plants, the steam driven 
compressors would show a saving in first cost and opera- 
tion over motor driven compressors. This is due to the 
fact that the power plant is generally situated as near as 
possible to the center of demand, and oftentimes your 
main air line would be only some 500 feet or 600 feet in 
length, and practically all the other smaller pipe would be 
required even were you to use a motor driven compressor 


located in the shop proper, such shop space, of course, 


being very valuable. 

It is on the long runs where a motor driven compressor 
may prove efficient, providing the cost of current is very 
low. However, against this we must figure that it has been 
feasible to pump compressed air at 100 pounds to 120 
pounds pressure some several miles before it was’ used, 
possibly reheating a couple of times on the way. The re- 
heating of air on long runs possesses a great deal of value. 


kconomics of the Compression 
of Air 


In many respects, the operation of compressing air is 
similar to that of pumping water, inasmuch as the work 
is done, or should be done, against a fixed resistance, the 
speed of the compressor or pump, being varied in order to 
meet the volumetric requirements while maintaining a con- 
stant head of pressure. Having a constant load-which re- 
quires a constant point of cut-off in the steam cylinders, 
we have a most favorable existing condition for obtaining 
a high steam economy. This fact makes it possible to so 
proportion the steam cylinders that we are able to utilize 
the most economical degree of expansion. The above should 
not be lost sight of when desiring to purchase an efficient 
compressor. 

It has long been the practice for purchasers to demand 
efficient pumps for water systems. Probably one reason for 
this is the fact that it is very easy to check up the fuel 
consumption and cost of a water pumping system, as the 
input and output are very easily. measured. 
ing engines must of necessity be operated at piston speeds 
of from 200 feet to. 300 feet per minute on account of the 
inelasticity of the fluid pumped. Air compressors can very 
safely operate at piston speeds of from 500 feet to 600 feet 
per minute; hence require only approximately one-half the 
cylinder dimensions necessary for a water-pumping engine. 
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From this it is\evident that we can secure high economy in 
an air compressor at a much lower cost than we can secure 
high economy in-a water-pumping engine of the same power. 

The probable reason that practicaily no attention has been 
paid to the purchasing of efficient air compressors is ‘due 
to the fact that the use of compressed air by railroads has 
grown very rapidly, and that the air compressor is gen- 
erally only a part of the power plant at a shop or termi- 
nal, and no careful attention has been given same to ascer- 
tain whether the compressor was efficient and consuming 
the proper power input, or whether it was costing twice 
or three times what it should; likewise, little effort has heen 
given to secure proper and efficient operation of compres- 
sors. Each and every individual case should be studied 
by a competent engineer in order to ascertain whether or 
not in that particular case the efficient compressor would 
be a condensing, non-condensing, cross compound, poppet 
valve or Corliss valve. 

Instances are known where well designed single expan- 
sion engines, operating compressors, require less steam than 
some compound engines. Likewise the term, “two stage” 
compressors, is very often only a. “catch word.” <A two 
stage alr compressor requires a low pressure cylinder large 
enough to take in the whole volume of air to be compressed, 
a high pressure cylinder and an intercooler between the 
cylinders with pumps and pipes for circulating cooling water 
through same. This complicates the compressor and 
adds quite materially to the first cost and operation of 
same. 

The economy obtained by a properly designed two stage 
compressor is effected by minimizing the extra power made 
necessary for the compression by the heat generated during 
the operation. If, immediately after leaving the compres- 
sor, and before the heat of compression has been dissipated, 
the air could be used for developing power there would be 
no demand for any device to cool the air during compres- 
sion; the use of such device merely resulting in a loss of 
efhciency. However, in railroad shops and terminal plants, 
this is not possible; hence, the necessity of cooling the air 
as much as possible during compression, especially with the 
larger machines. However, as air is one of the most per- 
fect non-conductors of heat, and the time in which com- 
pression stroke is made is very short, it is impossible to 
effect an interchange of any considerable quantity of heat 
between the cooling medium and the air. In order to se- 
cure a sufficiently long time period in which to effect this 
interchange the two stage compressor with intercooler is 
designed. In order to secure this increased efficiency, it is 
necessary that the cylinders be very carefully proportioned 
for the existing compression ratio. The intercooler must 
be very carefully designed, and the valve area, air pas- 
sages and clearances must be very carefully worked out, 

From the above it will be seen that in the small capacity 
compressor it is necessary to figure the fixed charges on 
that part of the equipment made necessary by the use of 
the two stage. so that it can be compared to the small sav- 
ing thereby effected in the compression. In the larger com- 
pressors, this comparison is not necessary, due to the in- 
creased unit efficiency of compression. 

The best practice in designing air compressors, requires 

that all air cylinders be efficiently water-jacketed on bar- 
rels as well as on heads in all compressors where the air 
is to be compressed to over twice its original density. 
_ The so-called “Corliss valve,” which is a cylindrical rock- 
ing valve, is the most typical for air or gas distribution, 
when properly proportioned and constructed. This, of 
course, holding good in instances where the air or gas to be - 
compressed is reasonably free from grit. Practically all 
atmospheric air is free from grit, if good judgment is used 
in locating the end of the intake pipe. The operation of 
these valves is simple and positive, being operated much in 
the same manner as the exhaust valves of the Corliss en- 
gine. It is, therefore, possible to use this valve and drive 
in all cases where the valve must be open during more than 
one-third of the stroke. From this it is evident that this 
type can be used in all cases for suction valves, except in 
cases of gritty gas, which would cut the valve and seat. 

This type of valve is suitable for discharge valves in one, 
two or three stage compressors, in which it is necessary to 
keep valve open during approximately one-half of the stroke, 
except that in single stage compressors compressing to 
more than thirty pounds above the atmosphere, where the’ 
time between opening and closing is too short; in this 
case, self-acting poppet valves should be used for discharge 
valves. Self-acting poppet valves are most suitable for both 
suction and discharge valves, when gritty gases have to be 
compressed. P 

The positively operated discharge valve is most efficient — 
on compressors in which the speed is’ automatically con- 
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trolled to meet the air demand. ‘This, if the compressor 
plant is properly designed for a load, will insure the prop- 
er operating against a constant head, the constant head 
being necessary to insure the efficient operation of the 
valve.. The constant head is also necessary to secure any- 
thing like eficiency from the various tools that are being 
driven by this compressed air. It would therefore seem 
that the pusitively operated discharge valve is the proper 
valve tor a weil designed and etficient air system, except 
where compressors run at constant speed. 

In the majority of railroad shops and terminals, this 
important feature has been entirely lost sight of, viz., the 
fact that to secure efficient operation of the entire air 
plant, it is necessary that it be operated at the constant 
head or pressure for which it was designed, which is in 
the majority of cases at the present time approximately 
100 pounds. 

The operation of the compressor engine, as regards con- 
densing or non-condensing, is governed by the same rules 
as govern any steam engine; likewise the steam jacketing 
of cylinders in large units. 


Comparison of Efficiency of Motor Driven, Steam 
Driven and Oil Engine Driven Compressors. 


The efficiency of a well designed motor driven compres- 
sor is approximately 88 per cent. Mechanical efficiency of 
the belt driven compressor, 94 per cent. Efficiency of belt 
drive, 98 per cent. Motor efficiency, 90 per cent. Indicated 
horse power input to motor for, say, 100 theoretical air 
H. P. equals 

100 
pavliosaliike 2, 


88 X .94 X .98 X .90 
an overall efficiency of 72.5 per cent. 

The efficiency of the same type of air compressor, steam 
driven, would be equal to 77.7 per cent, with an input of 
128 H. P. per 100 theoretical air H. P. 

The efficiency of the same type of air compressor oil 
engine driven would be equal to 81.3 per cent, with an in- 
put of 123 H. P. per 100 theoretical air H. P. 


Comparison of Costs for Various 
Types 
Steam Driven Compressors. 


A well designed steam driven 3,000 cubic foot compres- 
sor will cost approximately $13,000 at the factory. This 
is a very satisfactory size of machine for a large railroad 
shop or terminal where the main engine room is located 
near the center of load demand, and especially so where 
the power house is a composite one, supplying live steam to 
shops, round houses, etc., and furnishing steam for elec- 
tric generating units, pumps, compressors, etc. 

For a 50 pit locomotive shop, it would require approxi- 
mately 1,400 I. H. P. for air compressors, and the same 
for electric generators, with a possible 700 H. P. for pumps, 
round house steam, etc. With the boiler H. P., as gener- 
ally figured, compared to I. H. P., we should then have all 
the exhaust steam needed for heat during the winter months. 

A power plant of this description should be able to furnish 
a steam H. P. at a cost equal to at least $0.008 per K. W. 
hour at the switchboard, without deducting the charges 
for the steam heating. When the steam heating charges 
are deducted, a K. W. hour charge of from $0.006 to $0.007 
should be secured. 

The first cost and installation of a sufficient number of 
motor driven compressors scattered through the shop at 
the various centers of load demand, would be highly in 
excess of the steam driven plant, and the difference in 
cost of piping would be more than offset by the. greater 
efficiency of the steam driven units coupled with the labor, 
cost of operating and maintaining; likewise this shop is 
not suitable for an oil engine driven compressor. 


Motor Driven Compressors. 


A well designed motor driven 1,000 cubic foot compres- 
ig cost approximately $3,200; motor for driving same, 

A shop which requires but very little live steam in its oper- 
ation, probably due to the fact that there is no round house 
operated in connection with same, and in which little steam 
is required for heating, but where electric current can be 
purchased for a price, say, in the neighborhood of $0.01 
per K. W. hour, would be very well adapted to the in- 
stallation of two or three motor driven compressors, ac- 
cording to the center of demand. 

Where motor driven compressors are used, it is often of 
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great advantage to use a synchronous motor. These give 
excellent service on units from 200 cubic feet to 1,200 cubic 
feet per minute; in fact, several compressors have been 
built having a capacity of 7,500 cubic feet per minute, driven 
by 1,200 H. P. synchronous motors. In such cases as these, 
or in cases where the compressor runs at a constant speed, 
a constant head of pressure is maintained by use of the 
valve gear and unloading device, in order that it may be 
able to deliver a variable quantity of air, depending upon 
the demand. This device should be such that it holds the 
intake valves open, thereby no air is compressed and no 
heat is generated in the cylinders, until the demand causes 
valves to operate in order to furnish some air to the line. 
This very greatly reduces the power consumption when the 
compressor is running idle. 

In large constant speed .compressors, driven by oil en- 
gines, gas engines, electric motors or water wheels, the un- 
loading or reloading should be accomplished by degrees to 
prevent the objectionable large sudden changes in load to 
the power system. This necessitates some well designed 
form of variable capacity valve gear, the governor of which 
affects the power and output of the compressor similarly to 


‘the Corliss engine governor, which affects a gradual change 


of point of cut-off and the power developed. 

The throttling inlet should not be used for the reason 
that it causes the compressor to use almost as much power 
when running at zero capacity as it does when running 
full capacity; hence, much is wasted. There is also danger 
of explosion, due to the constant churning and heating of 
the air in the cylinders. In constant speed compressors, 
the poppet discharge valve should be used, for the reasons 
previously stated. 


Oil Engine Driven Compressors. 


The oil engine driven compressor is most suitable at iso- 
lated points, such as a large terminal yard, or some small 
special shop where there is no demand for steam, except 
possibly such as can be furnished by the low pressure 
steam heating boiler and where the cost of electric current 
makes its use prohibitive. -It is preferable to belt the 
engine to the compressor. 

A 600 cubic foot compressor would cost approximately 
$1,700 at the factory. The 120 H. P. oil engine for driving 
same would cost approximately $6,000, a total first cost at 
the factory of $7,700. 

As above stated, it would be necessary for the engineer to 
figure the cost of installation and fixed charges in each 
individual case in order to arrive at the proper conclusion. 

The best type of compressor to be driven by an electric 
motor or an oil engine is one designed to operate at a 
constant speed, with the proper form of valve gear and un- 
loading device, as this prevents complication of electric 
motor speed variation and the oil engine speed variation. 

In the above report, the figures have been based on ap- 
proximately 19 H. P. input for 100 cubic feet per minute 
rating, when compressing to 100 pounds gauge. 

Respectfully submitted, 
FE. WANAMAKER, Chairman, C. R. 1. & P.R.R. 
HH Ri Bucks: Of Sal Re. 
iL. @ Menser, Prisco lives: 
J. FY Garpnrry CaB. & QO. Riu: 
F. G. Baxer, Frisco Lines. 
H. C. Metoy, Chairman, N. Y. Central (Lines West). 


New C. M. & St. P. Electric Locomotive 


It will be remembered that in December of this year we 
described in these columns, the electrification of the moun- 
tain division of the C. M. & St. P. between Harleton, 
Mont., and Avery, Idaho. The first locomotive which has 
been completed by the General Electric Co. is being taken 
West preparatory to being put into service and is being 
exhibited at various points en route. On October 6th, it 
was the good fortune of the people in Chicago to be able 
to view this largest electric locomotive in the world. 

On entering either end of the locomotive one first passes 
by the operator’s control and then directly into the com- 
partment, where there is placed a large motor generator 
set which drives the large ventilating fans for cooling the 
main motors and for furnishing low tension direct current 
In the central compartment of 
each locomotive the remote control, high voltage relays 
are placed. These are arranged compactly so that they 
may be inspected from either a center aisle or two passages 
extending along both sides of the car. At the inner end 
of the car the lightning arresters and air. compressors are 
located. ; 

A complete description of this locomotive will be pub- 
lished in our November issue. 
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Committee on 


The committee has decided to confine its efforts this year 
to certain individual subjects rather than endeavoring to 
cover the! entire subject of electrical equipment in railroad 
shops. The subjects of crane magnets, magnetic chucks 
and furnaces, both electric and gas for tempering tools. 


Crane Magnets. 


In railroad work, the field of application of crane magnets 
is rather limited. They are at the present time used princi- 
pally in scrap yards, around store-room platforms, etc., 
where it is necessary to handle iron and steel rapidly and 
economically. For this class of work, magnets are gener- 
ally used in connection with locomotive cranes, making a 
self-contained, self-propelled unit which may be operated 
over shop and yard tracks as required. The use of this com- 
bination has reduced very greatly the cost of handling both 
new and scrap material, both by reducing the actual expense 
of handling and by enabling the material to be handled much 
more rapidly. In this connection a few examples may be 
cited. One road has handled with a locomotive crane and 
magnet 41 tons of old locomotive grates in 40 minutes, 56 
tons of old track spikes in 33 minutes and 44 tons of miscel- 
laneous scrap in 35 minutes. Another road is handling this 
class of material at a cost of less than $0.02 per ton as com- 
pared with $0.25 to $0.35 by hand. A road using four cranes, 
three equipped with magnets and one with a clam shell 
bucket, is handling scrap at $0.05 per ton. Specific figures 
given by one road are as follows: 


Kind of Scrap. 


NOAM WEOUSINLUITON: uaiay chee itasedecierdeite ie stm oo Dea $0.04 

Busheling, No. 2 wrought iron, and malleable iron .02 .10 
Castiironvandrvimixed=steel. ortee.cmkieeiies sce ea eee 02 .09 
Sheet we ceel Wien cs. ik seysteyors, ccavete maak pum leat lhaelels oneenels .20 .30 


On some roads where traffic is very dense, a locomotive 
crane with magnet is used to pick up and load scrap along 
the line. The scrap, consisting of old rails and other track 
supplies, is collected and put into small piles along the track 
by the section gangs; a locomotive crane with a magnet is 
then sent over the line in a work train, thus handling the 
scrap cheaply and rapidly. 

In shop work, cranes are also used to a limited extent, for 
handling parts such as car-wheels, castings, etc. 

As can be seen from the foregoing, crane magnets will be 
used on outdoor work practically altogether. This requires 
that the construction of the magnet be such as to be unaf- 
fected by weather conditions, as reliability is a prime factor 
in economical operation. The failure of a magnet will, in 
most cases, seriously cripple the section of the yard where 
it is in use. All of the manufactures of magnets now on the 
market have apparently taken this point into consideration 
and are using very rugged construction, so that the magnets 
are practically indestructible. 

Another very important point in magnet construction is 
that of insulation; due to self induction the voltage im- 
pressed on the magnet may, at the time the circuit is opened, 
rise to four or five times normal, thus setting up stresses 


which may break down the insulation in case it is in any 


way defective. In some makes of magnets this inductive 
discharge is shunted through a resistance, by means of suit- 
able contacts in the controller. This is a desirable feature as 
it eliminates the high voltage and reduces the strain on the 
coil insulation. 


Direct current is, of course, essential to the operation of 
crane magnets. They are usually wound for 220 volts, al- 
though 110 volt magnets may be obtained. The operation 
of magnets from 550 volt circuits is not recommended, due to 
the high voltage induced at the time the circuit is opened, 
even when discharge resistance is connected in circuit. 


The controllers used in connection with crane magnets 
are of simple construction. They may be either of the. mag- 
netic or of the drum type. Three operating points are usu- 
ally provided, these points being—“lift,” “drop” and “off.” 
When .the control handle is placed in the lifting position, 
the magnet is connected across the line thus energizing it 
and enabling it to pick up the desired material. When the 
handle is thrown to the drop position, the current through 
the magnet is reversed, thus giving an instantaneous re- 
release and effecting a slight saving in time by eliminating 
the sluggishness of release which is sometimes found when 
handling pieces which completely span the magnetic poles, 
or parts consisting of hard steel which retains a consider- 
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able amount of residual magnetism. In the off position, the 


magnet is dead. 


The controllers are usually arranged so that the handle 
will not remain on the “drop” point, a spring being provided 
which throws the handle to the off position as soon as it is 
released by the operator. 


Where magnets are used in connection with travelling or 
locomotive cranes operated by direct current, power can, of 
course, be taken from the crane supply circuit. On steam 
operated locomotives cranes, a small engine or turbine driven 
generator supplies the necessary direct current for the mag- 
net, although power may in many cases be taken from a shop 
circuit through receptacles located at convenient points. 
Where the area to be covered by the crane is small, the con- 
nection to the supply circuit can often be made permanent, a 
flexible cable of suitable length being used. 

The life of this cable, as well as of that connecting the 


magnet to the controller, may be materially increased by the 
use of some automatic device for taking up slack. One 
manufacturing company builds a simple motor driven take- 
up, which has proved very satisfactory in operation. 


In general, the information obtained indicates that the 
cost of maintenance on crane magnets is practically negligi- 
ble and consists, in most cases, simply in the renewal of ca- 
ble. Where power for operating the magnet is supplied by 
generating equipment mounted on the crane, there will be 
also some slight maintenance expense for this apparatus. 
The simpler construction of the small steam turbines driven 
set as compared with engine driven equipment would seem 
to make the former somewhat preferable, as requiring less 
attention. This is especially the case in view of the fluctuat- 
ing nature of the load on the generator. 

In addition to the circular type, which is in most general 
use in railroad work, other forms of magnets are obtainable, 
arranged for handling special material. Among these types 
are the flat magnet for handling plates, the bi-polar type for 
handling rails, rods, pipes, etc., also magnets with specially 
shaped pole pieces for handling material such as car-wheels. 
However, the circular magnet will be found the most gener- 
ally useful and it will take care of practically any class of 
work. 

The use of magnets undoubtedy constitutes the simplest 
and cheapest method of handling iron and steel, and your 
committee suggests that the members of our association fa- 
miliarize themselves with this class of apparatus, with a 
view to applying it to a greater extent than has been the 
case up to the present time. 


Magnet Chucks. 


From the information obtainable, it appears that magnetic 
chucks are being used in railroad shops to a very limited 
extent. In most cases they are installed in tool rooms, for 
handling comparative light work. 

Tow general types of magnetic chucks are on the market, 
these types being known as flat and rotary respectively. The 
first of these is used with planers, millers or other machines, 
such as reciprocating grinders. Where necessary, chuck 
units can be placed end to end to accommodate long work. 

Rotary chucks are of the same general design as the flat 
type, but are arranged for mounting on lathe spindles, bor- 
ing mill beds, etc., so that cylindrical grinding or machine 
work can be done on work held by the chuck. 

The field of magnetic chucks is principally in connection 
with grinding operations, either flat or cylindrical, although 
they are occasionally used for light machining operations, 
such as are performed on lathes, millers or planers. Their 
greatest merit lies in the fact that by their use light thin 
work may be supported rigidly without distortion due to 
clamps. This enables machining or grinding to be done to 
very close limits, and much more rapidly than where it is 
necessary to set up clamps to hold the work. 

Where a large number of small duplicate pieces is to be 
finished -by grinding or machining, the magnetic chuck fur- 
nishes a very. economical method of supporting the parts 
while the work is being done. 

The construction of magnetic chucks is important, as it 
is essential that they be of rugged construction and also that 
the insulation of the magnet coils and other current carrying 
parts be of the very best. The chuck as a whole should be 
water-proof so that wet grinding can be done without injury 
to the chuck. Most of the manufacturers’ of this ciass of 
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apparatus are producing chucks which will meet these re- 
quirements. 

The power reqiured for magnetic chucks is small and if the 
shop lighting or power circuits are direct current, the chucks 
can, in most cases, be connected directly to these shop lines. 
In all except the largest sizes, the required current can be 
taken from any convenient lamp socket. The chucks are ob- 
tainable wound for 110 or for 220 volts and in most cases 
they can be reconnected for either voltage without difficulty, 
in case necessity arises. 

A demagnetizing switch is of great assistance in removing 
work from the magnetic chuck, for even after power has been 
shut off there will be a certain amount of residual magnetism 
between the poles of the chuck and the work. The demag- 
netizing switch eliminates this trouble and enables the work 
to be easily lifted from the chuck. These switches are dou- 
ble-throw, the chuck being energized in one position of the 
switch and demagnetized in the other position, the demag- 
netization being accomplished by reversing the current 
through the chuck. The switch is usually thrown from the 
demagnetizing to the off position by means of a spring ar- 
ranged so that the contacts will not remain closed when 
the handle is released by the operator. 


When demagnetizing work, a certain amount of care must 
be used by the operator, as if he keeps the demagnetizing 
contacts closed long enough to allow magnetism to build 
up to full strength in the opposite polarity, the chuck will 
continue to hold the work and the work itself will be found 
to retain as much residual magnetism as before. 


Such classes of work such as hard steel parts will retain 
a small amount of residual magnetism which in some cases 
is objectionable. For removing this residual magnetism a 
demagnetizer may be used. This demagnetizer consists of 
a “U” shaped core energized by a coil through which alter- 
nating current is passed. The work to be demagnetized is 
passed over the ends of the core several times and when 
slowly removed, when it will be found neutral. Where al- 
ternating current is not available, direct current can be used 
in-a demagnetizer which differs from the one mentioned in 
the foregoing in that an interrupter or some other device 
is provided for reversing the current through the demagnetiz- 
ing coil. : : 


Tempering of Tools. 


Dies—Reports from four different sources show it is the 
general practice on this road to purchase dies for a small di- 
ameter bolt, as a rule 1%” size, and as they become worn they 
are softened, bored, rethreaded and retempered for the use 
on 5%” size bolts. They are again used until worn down so 
not fit for further use and again pass through the same 
process as before increasing them to the next larger size. 
These several processes are carried on until the stock of the 
dies are so much used up it is impossible to go through with 
another, which usually ends when the dies have been worked 
up to 1” or 11%”, thus the one dies serves during its life for 
the several sizes if it is properly worked and handled. 


The softening and retempering are the part of the proc- 
esses which determine the life of the dies and of which we 
are interested, it being understood that dies herein men- 
tioned are of the solid type. 

To soften them they are placed in the blacksmith’s coal 
fire and heated to a bright red and then drawn out and laid 
aside to cool slowly. It is during this heating and retem- 
pering process that not only dies but all the tools hereafter 
mentioned are exposed to the chemical action of the sulphur 
and carbon from the coal or oil, and while they are being 
heated either for softening or tempering the underside which 
is most exposed to the main blast of the fire becomes heated 
faster than the top side, therefore, more exposed, and as 
they become hotter after the first heating the chemical com- 
position of each die or tool would be changed or in other 
words it has deteriorated a certain per cent with reference 
to its first chemical value. 


It is only the experienced eye that can detect the right 
color of the heated iron when it is time to withdraw it from 
the furnace before complete deterioration of the tools has 
taken place, that is, before the molecules have separated or, 
as we often hear it called, “burned.” 


These several points are mentioned herein to show that 
the human eye is then responsible for the great many tools 
sent back to the tool room in a spoiled condition, also to 
show whereby a mechanical or electrical device like the elec- 
tric furnace is more dependable for such work than any 
human eye, although ever so conscientious, because being 
calibrated for a predetermined heat a die placed in the elec- 
tric furnace will be heated throughout the entire stock and 
will lastly be chemically unchanged, which in turn means 
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that nearly 100% of the dies returned to the tool room are 
still of the same value as new ones, while with the coal furnace 
process not any are equal to their first value either chem- 
ically or from a commercial standpoint. 


This also brings up the point that not only the dies that 
are ruined by over heat are lost but that the time of the 
man that worked on them and the cost of air used with the 
furnace are also wasted, which again proves that the human 
efficiency is not equal to the mechanical. 


Taps and Reamers—A large portion of the heretofore 
mentioned points are applicable to taps and reamers, except 
in some cases I find that these are reduced in size, but these 
are practically negligible because as a rule they are broken 
before being worn out to an extent to require new threads. 
However, there is one great disadvantage of the coal furnace 
with handling these tools, that is, when retempering them, 
unless great care is exercised, they will be crooked on ac- 
count of cooling too quickly, which will be necessary in or- 
der to give them the proper hardness. This is usually done 
by dipping them in a bath of kerosene or in some places fish 
oil is used, while with the electric furnace it would not be of 
any advantage only to get an even heat; therefore, tools 
handled for retempering are exposed to the same defects 
with either furnace. 

Machine Tools and Chisels—Unless great care is taken in 
tempering these tools by the use of either furnace they will 
chip off at the points on account of brittleness, due to un- 
even heating or due to chemical changes if worked in the coal 


furnace. 


Costs—The costs herein used are an average obtained 
from several different shops taken independently of each 
other and then compiled and although an average is used 
in no cases were the limits of high and low costs greater or 
less than 10% from each other; therefore, should be quite 
correct. It will also be understood that costs of air are 
based on an electric driven blower current costing two cents 
per kilowatt hour and on such tools that will require more 
than one ‘heat to work them this is taken into account per 
unit price each. 


DIES 
Labor to Retem- 

Size Softening increase size pering Total 
Ya £08 Se nee: 0383 10 041 $.1793 
3 ot! | MtS4 eee 0378 112 04 1898 
SA tO WE a eens 03th 121 .04 1981 
vf Salem <0 te Wet he 0365 142 038 2165 
ig to 1 ee 031 161 .038 23 
1A" to Ae ee .031 164 038 233 


In making these figures, machinists’ labor costs at 40c per 
hr. were used and the blacksmiths’ labor at 39c per hr. 


TAPS 
Labor of 
Size Softening dressing Retémpering Total 
TGR tO 1 een .0423 123 .0542 $.2195 
1 ECan aie a ae 041 119 0540 214 
REAMERS 
Nothing obtainable on this. 
MACHINE TOOLS 
Size Labor of dressing Tempering Total 
Smal eae ete ca .0633 .043 $.1073 
Laftce# = eee 0825 .052 1345 
Very little information was obtainable on these. 
EGHISEES 
Size Labor of dressing Tempering Total 
Syria lls Se ee eee .041 .032 $.073 
Large ee eee ee .063 .052 104 


The last two items are usually of the best steel and it is 
necessary to often make more than one heat to work them 
and some of the costs collected under the head of “Chisels” 
show considerable higher than this given. 


Respectfully submitted, 


D. C. Witson, Chairman, U. P. R. R., Omaha, Neb. 

W. E. Heap, B. & O. R. R., Baltimore, Md. 

H. R. Bucks, O. S. L. R. R., Pocatello, Idaho. 

Gro. H. Cravens, C. & C. Elec. Mfg. Co., Garwood, N. J. 
J. M. Craic, Pennsylvania R. R., Altoona, Pa. 

Je, 2 AYES Ss OspberAs Lape os bortsmouth. Var 

L. BR; Pomeroy, WoSt law eGo. New York, N.Y. 

J. H. Bryan, W. E. & Mfg. Co., Pittsburgh, Pa. 

Ay Us Grariny la C. Re Ree Chicago ill. 
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Electrically Operated Coal 
Idloists 
By J. A. Wickman 
(Eleventh Article.) 

In the September issue of the RAtLway ELECTRICAL 
ENGINEER three different types of electrically driven 
coal hoists were described. Two of these were of the 
manually controlled type and the third was an automatic 
hoist controlled by mechanical means. 

Hand Controlled Electrically Driven Hoist. 

Method No. 4.—This method differs from any of 
those previously described, in that it is more complete 


electrically. Figure 27 is a diagrammatic sketch of the 
electric features of this equipment. The coal bucket is 
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Wiring Diagram of the Manually Controlled Hoist Motors Showing 
the Action of the Limit Switches. 

under the control of the operator at all times so that 

he can stop it at any point in its path of travel by simply 

manipulating the drum controller, which is shown de- 

veloped in the upper part of the sketch. 

The trap gates for filling the bucket, allowing only a 
certain amount of coal to enter the bucket, are as in 
previously described equipments, and the dumping ar- 
rangement is the same. The cycle of operations begin- 
ning with bucket in the midway position is as described 
below. 

The control handle which may be thought of as moving 
the contact fingers, shown in the controller diagram is 
first moved into the down position to the first step. 
This cuts all the resistance into the rotor circuit and the 
subsequent positions of the controller cut out resistance 
until full speed is reached in the seventh position. This 
starter controls an alternating current 25 hp. slipring 
motor, which is connected to the hoisting drum to which 
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the bucket cables are attached. When the bucket has 
been lowered into the receiving pit, the automatic mechan- 
ically operated gates open and allow the bucket to be 
filled with coal. 

To prevent over travel of the bucket through negli- 
gence of the operator, the down hatch way limit switch, 
shown in the lower right hand corner of the diagram, 
Fig. 27, is automatically opened. The bucket hits the 
roller ‘““X,” causes the switch to rotate about its axis “o,” 
breaking the contacts at the points A. This de-energizes 
the solenoid “SO,” of the gravity switch, allowing the 
armature to turn about its axis “p” breaking the main 
circuit at the point “OX,” and applies the solenoid brakes. 
This prevents further travel in the down position, but 
permits the operator to raise the bucket, for when the 
controller is moved into the number one position on the 
up side, the gravity switch “MS” is again energized, 
again establishing the main circuit and the motor can 
be started. As soon as the bucket starts to raise, the 
down hatch way limit switch is closed by a spring and 
again completes the control circuit for the down position. 

The up hatch way limit switch operates in the same 
manner to prevent over travel in the up direction, either 
of these limit switches can be shunted out if necessary 
by the small knife switch “S,” shown below. This allows 
further movement after the limit switch has operated. 
Both these limit switches are placed at the top of the 
chute, the bucket operating one and the counterweight the 
other. 

The resistance units are shown separated from the 
main diagram, but the different portions of this resist- 
ance are electrically connected to like numbered contact 
fingers on the controller, the connecting wires being 
eliminated for the sake of simplicity. 

Capacity. 

A chute equipped with this apparatus, working at its 
full capacity, is capable of hoisting from 40 to 50 tons of 
coal per hour, but it seldom happens that it is possible to 
utilize its full capacity as the operator and his helper 
generally spend part of their time unloading and break- 
ing up the lumps of coal. When the receiving pit is 
full, they operate the hoist until this coal has been stored. 


Automatic Electrically Operated Hoist. 
Method No. 5.—This hoist is entirely automatic in its 


operation and the automatic features are entirely elec-. 


trical as will be shown. To start this hoist it is only 
necessary to close the main line switch at Li, L2, and 


L3, shown in Figure 28, and the control apparatus raises” 


and lowers the bucket, automatically taking care of its 
acceleration. An alternating current 3-phase 25 h. p. 
slipring motor mechanically connected to the operating 
drum furnishes the driving power. 

When either the bucket or the counterweight is on the 
landing timbers in the pit, one of the normally open 
starting switches shown at the bottom of Fig. 27 is 
closed, due to pressure on the fibre contact wheel. . If 


the bucket were down the up switch would be closed, 


which would automatically cause the bucket to rise after 
it had been filled with coal. If.the bucket had been 


stopped in a mid-position it would have to be started by . 


Vole’, Nowen 
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means of the emergency starting switch shown at E, on 
-the diagram which is wired in parallel with the starting 
switches shown at the bottom. If this fails to start the 
motor, the magnetic reversing switch “X” should be 
moved up as far as it will go after the service switch 
has been closed, providing fuses and contacts are all 
right. 

When the starting switch is closed the coil “X,” 
of the reversing switch in the upper left hand cor- 
ner is energized, this operates against the oil. dash 
pot “A” so that the necessary time element is 
introduced to allow the bucket 
to be filled with coal. When i 
the dash pot plunger has been 
moved to the end of its travel 
by the solenoid, contact is 
made at the points B which 
starts the operation of the auto- 
matic cutout switches R2, or 
R38, depending on whether the 
bucket is going up or down. 
To prevent too rapid accelera- 
tion, current limiting solenoids 
“C” prevent more resistance 
from being cut out of the rotor 
circuit until the starting cur- 
rent has been reduced enough 
to allow the spring which 
backs the magnetic pull, to 
close the switch, making con- 
tact at point M, which con- 
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nects in the next cutout switch. Slow Down 
Altre e Going Yo 
Limiting and Reversing pens Reais Smithes 
Switches. & Inseris Kes/9. 
When the bucket has reach- hh Rolar Circle 
Slow Down 


ed a point 5 ft. from the top of 
its travel it trips a slow down 
switch which cuts resistance 
into the rotor circuit. The op- 
eration of these limit switches 
is exactly similar to those de- 
scribed in the previous method, 
mainly the bucket in passing 
the switch bears down on the 
small fibre wheel, breaks the 
contact at the points A. When the bucket reaches the 
top of its travel, the final limit switch stops it by break- 
ing the main circuit and automatically applying the 
solenoid brakes. At the same time the normally-open 
starting switch, which starts the bucket in the down 
direction, is closed. Here the action of the solenoid 
“X” against the oil dash pot A again permits sufficient 
aes to elapse for the bucket to empty before starting 
own. 


Going Down 


Qeens Power (Qown) 
Swilth & tnveryprs 
Power Iypply To 
Moror & Broke 
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_The points on the numbered resistance elements are 
connected to similar points on the magnetic cutout 
switches. Safety switches are generally applied within 
easy reach of the operators; these are simply single knife 
_ blade switches connected in series; pulling any one of 
these de-energizes the gravity switches SO and stops 
the motors. 


Whenever the power is cut off from the motors, solen- 
oid brakes held open by the power current are auto- 
matically applied. 

After the motor is once started, the apparatus will 
automatically load and unload coal until it has been 
stopped either by a failure of the power supply or by 
the operator. 

The oil or air dash pot is adjusted so as to allow the 
proper amount of time for the bucket to be filled and 


Wiring Diagram of an Automatic Hoist. 
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dumped. If care is taken to keep all the small contacts 
clean, this equipment will give very good service with 
very little attention. 

The equipment used in these last two described 
methods is manufactured by the Cutler-Hammer Mfg. 
Company of Milwaukee. 


Comparative Cost of Operation. 


It is hard to accurately compare the operating cost 
of coal hoists in different localities even if the types 
are used. 


The costs given below are taken from a gen- 
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The Limit Switches Are Shown at the Left. 


eral average of several hoists of the same type and all 

assume -the cost of electricity to be 2c per K. W. Hr. 

The costs are given for the different methods which have 

just been described. 

Cost of Current 
Per Ton @ 2c 

Per K. W. Hour 


Required Watt 


Method No. Hours Per Ton 


No. 1 508 .01016c 
No. 2 488 .00976c 
No 3. 130.7 .002615¢ 
No. 4 136.5 .00273¢ 
No. 5 221 .00442¢ 


The costs do not vary greatly in these different meth- 
ods, although particular attention is called to the differ- 
ence between methods No. 3 and No. 4, in the former the 
hoist was driven by a 10 h. p. motor, while the chute is 
in operation, and the latter used a 25 h. p. run only 
when coal is being hoisted. 


Mr. William A. Del Mar, who has for a long time 
been active on the Committee on Wire Specifications, 
has resigned from the electrical engineering depart- 
ment of the New York Central & Hudson River Rail- 
road and will become assistant electrical engineer of 
the Interborough Rapid Transit Company of New 
York. 
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The Principles of Alterna 
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Currents 


Williard Doud 
(Seventh Article.) 


Wattless current as has been brought out in last les- 
son is the current exisitng in an alternating current 
circuit which does not perform any useful work and it 
is of such importance in the treatment of problems 
relating to alternating currents, it might be well to ex- 
plain in further detail, the characteristics and effects 
on the current flowing in a circuit. 


Power factor or the ratio of the apparent power de- 
livered to a circuit, found by multiplying the ammeter 
and voltmeter readings together, to the true power, 
which is indicated by the wattmeter, must be clearly 
understood as it is practically always used in the cal- 
culations of alternating currents. The apparent watts 
is sometimes referred to as volt amperes or Kilovolt- 
amperes and the true watts or power is equal to the 
apparent watts multiplied by the power factor. 


If the voltmeter indicates 200 volts and the am- 
meter 100 amperes the apparent power will be 200 
100 = 20,000 volt amperes or 20-Kilo-volt amperes. If 
a power factor of the load is 80 per cent due to an in- 
ductive load of arc lamps, induction motors and trans- 
formers, being operated, the true power will be 200 
100 & .80 = 16,000 watts or 16 kilowatts. The differ- 
ence between the 20,000 apparent watts and the 16,000 
true watts or 20 per cent is wattless current. . 


In a circuit whose power factor is 1 or unity, the 
current is in phase with the voltage and delivers true 
energy. If the power factor is zero all of the current 
flowing is wattless. Any degree of power factor be- 
tween 0 and 100 shows the exact relation of the true 
energy in a line to the apparent energy indicated 
by the voltmeter and ammeter. A wattless current is 
always displaced 90 degrees from the working or true 
current. As has previously been explained, this be- 
ing the case, combining the wattless and true cur- 
rent at 90 degrees by the method of vector summation 
or parallelogram of forces explained in the April issue 
of the RatLway ELEcTRICAL ENGINEER, the resultant or 
total current is obtained. 


An analogy, which is commonly used and which, 
perhaps, illustrates quite clearly the meaning of watt- 
less current and power factor, is that of a canal boat 
towed by a short piece of rope from the bank, the rope 
making an angle with the direction of the boat’s mo- 
tion. 


The following diagrams will illustrate the principle 
features of the canal boat analogy. 
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Fig. 23. Wattless Current Analogy Showing the Work and Workless 
Components of an Angular Pull on a Canal Boat 


Owing to the acute angle which the towing rope 
makes with the direction of the boat’s travel, it 
is evident that all of the pull on the rope will not be 


effective in pulling the boat forward as a portion will 
tend to move the boat toward the shore and must be 
balanced by the rudder. 

The pull on the towing rope may be divided into 
two parts; one in the direction of the boat’s travel, 
which is the effective (true) pull and the other at 
right angles or 90 degrees to the boat’s direction 
which is the workless (wattless) pull. 


If the angle of pull is 45 legrees and the pull on 
the rope is 100 pounds, then there is a pull of 70 
pounds forward and 70 pounds towards the bank. 

Similarly if the angle of pull is 30 degrees there will 
be a forward pull of 87 pounds and a pull of 58 pounds 
towards the bank. 

If the angle is zero the effective or forward pull will 
be equal to the total pulling force, while with an angle 
of 90 degrees the effective or forward pull will be zero 
and the boat will not move in the desired direction. 


The effective (true) pull is always equal to the total 


pull times the cosine of the angle which the towing. 


rope makes with the direction of the boat’s travel. 

If there are several towing ropes pulling at different 
angles and with different degrees of force, the total 
effective pull and the total workless pull for each rope 
may be obtained by adding the sums of the effective 
pulls together and the sums of the workless pulls 
together. The ratio of effective pull and the total 
pull may be considered as the power factor, the ap- 
parent power as the speed of the boat times the total 
pull, while the true power or effective pull will be equal 
to the speed times the total pull multiplied by the 
power factor. 


To make the boat analogy applicable to alternating 
currents, the voltage may be considered as the boat’s 
direction and the current to the pull on the towing 
rope. When the current (pull) and voltage (direc- 
tion) are in the same direction (in phase) the effective 
(true) current equals the total current. If the current 
is at right angles to the voltage, the effective (true) cur- 
rent will,equal zero. If the current is displaced 30 de- 
grees from the voltage, the effective current equals 
the total current multiplied by .87, the power factor. 

In any alternating current circuit, the total current 
and watts being known it is a simple matter to find 
the effective (true) and wattless (workless) portions 
or components of the current. If one machine is in 
the circuit divide the reading of the wattmeter in 
watts (true power) by the reading of the voltmeter in 
volts times the reading of the ammeter in amperes (ap- 
parent) power and the result will be the power factor, 
that is the percentage of the apparent power which 
is available for doing work. 

If there is more than one machine in the circuit, tak- 
ing different amounts of power, the total effective and 
total wattless currents may be obtained by taking the 
sum of all the effective currents and all of the watt- 
less currents and dividing these quantities the result 
being the power factor of the circuit. 

The setting of the boat rudder in Fig A at an angle 
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with the direction of travel of the boat indicated by 
the arrow, adds resistance to the travel of the boat and 
this loss of energy may be likened to the loss in an 
electric circuit due to the flow of wattless current. 

Circuits of low power factor require current-carry- 
ing capacity equal to that needed for transmission 
or energy without wattless current, some means must 
be available for increasing the power factor of circuits 
which are so effected. 

Arc lamps, induction motors and transformers have 
a low power factor, due to the magnetizing current re- 
quired in the current carrying coils used in their con- 
struction. When transformers and motors are oper- 
ated at loads much below their normal rated capacity 
the wattless current in the circuit is much greater 
in proportion to the total current flowing than when 
they are fully loaded. Thus one means of improv- 
ing power factor is the selection of motors and trans- 
formers which will operate as near normal rating as 
possible. Another method of improving power factor 
is to supply to the circuit current in which the current 
leads the voltage by a certain angle. 

Any alternating electrical circuit may be given a 
power factor of 1 or unity by adding a leading current 
which is equal to the lagging current. If the leading 
current added is not equal to the lagging current the 
total current will still lag but to a less degree than 
if no leading current had been introduced. 

The synchronous motor is the usual instrument for 
delivering leading current to a circuit of low power 
factor and the canal boat analogy will again be used 
to exam te pee of action. 
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Fig. 24. 


Assuming the boat to be traveling in the direction 
indicated by the arrow, propelled by a rope making 
an angle of 45 degrees with the boat’s direction and 
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New York Electric Car Lighting 
Association 


Meetings of the New York Car Lighting Associa- 
tion have been continued during the summer months 
because of the fact that the association was started in 
May. 


The October meeting of the club will be a special 
meeting, known as the Annual Meeting, and will be 
made a general get-together time for all car lighting 
men in New York. This will be held on the first 
Tuesday of October in one of the large offices of the 
New York Central Terminal. 


RAILWAY ELECTRICAL ENGINEER 


ectricians Club 


Yamal 


Sum AAA 


149 


also pushed by a pole which has the same angle as the 
towing force with the boat’s direction, 


With.the pull on the towing rope and the force at 
the end of the pushing pole assumed as 100 pounds 
each, the rope will give a forward pull to the boat 
of 70 pounds and a pull toward the bank of 70 pounds. 
The pole will give a forward push on the boat of 70 
pounds and a push away from the bank of 70 pounds. 
Thus the total effective power available to force the 
boat forward in its direction of travel is 70+70 or 140 
pounds and there is no tendency for the boat to move 
toward or away from the bank since the pull toward 
the bank is exactly balanced by the pushing force 
away from the bank. This being the case the rudder 
may be set in line with the direction of the boat’s 
travel and consequently will offer no resistance to the 
motion of the boat. 


Again assuming the pull on the towing rope is 100 
pounds at 45 degrees and the push on the pole is 70 
pounds the force and the pole will balance the 70 
pound force toward the bank and the effective power 
available for moving the boat forward will be equal to 
but 70 pounds. If there are a number of ropes pull- 
ing at different angles it is always possible to find the 
total pull toward the bank and balance this force with 
an equal push. 


The towing rope may be compared with an induc- 
tion motor taking a current of 100 amperes which lags 
45 degrees behind the voltage and the pushing pole to 
a synchronous motor taking current of 100 amperes 
which leads the voltage by 45 degrees. The induction 
motor current may be divided into two portions or 
components, one of 70 amperes in phase with the volt- 
age and one of 70 amperes at right angles to and lag- 
ging behind the voltage. The synchronous motor 
current may be divided into two components, one of 
70 amperes in phase with the voltage and the other of 
70 amperes at 90 degrees to and leading the voltage. 
As a consequence, the 70 ampere leading current 
counter balances or cancels the lagging current of 70 
amperes and the total current in the circuit used by 
the two motors is 140 amperes, the current being in 
phase with the voltage, the true power delivered being 
equal to 140 times the voltage, neglecting the power 
consumed in the resistance. 
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The Lead Storage Battery. 

At the September meeting of the club the subject 
of the lead storage battery was discussed and a com- 
mittee, of which Mr. G. Wall, of the Lackawanna, is 
chairman, presented a report on the subject. This 
report covered a historical review of the development 
of the storage battery and also described the various 
types of batteries in considerable detail. 

Mr. Edward Wray, of the RAtLway ELECTRICAL EN- 
GINEER, attended the meeting and was called upon for 
a few remarks. He complimented the committee upon 
the completeness of their report and added a few of 
his own thoughts on the storage battery question. 


150 


Mr. Wray stated that the practical man on the job 
very often desired to get some idea as to what goes 
on when a storage battery charges or discharges. 

He called attention to the fact that there are various 
kinds of energy; potential energy, such as the dormant 
energy of coal, the energy of a suspended weight ready 
to drop or the energy of a revolving fly wheel; and 
on the other hand, kinetic energy or energy at work, 
and this may be either mechanical or electrical. 

It is an interesting fact that it is possible to trans- 
form energy from one type into another. By means 
of the boiler and steam engine we can transform the 
chemical energy of the carbon in coal into mechanical 
energy; by means of the dynamo, we can transform 
the mechanical energy of the steam engine into elec- 
trical energy and by charging a storage battery we 
can transform electric energy into chemical energy— 
for this is just what takes place when a storage bat- 
tery is charged. The chemical condition of the active 
elements of the battery is changed and the degree of 
this chemical change represents the amount of charge 
- given the battery. There is no mysterious storing up 
of electricity itself in charging a storage battery. 

The storage battery, however, has the peculiar 
property that the chemical energy given it on charge 
is easily transformed again to electrical energy by 
simply closing the circuit, but here again, as the cur- 
rent flows through the battery in a discharge direc- 
tion, another chemical change, the reverse of that on 


charge, takes place. 

Mr. Wray pointed out that in a lead battery the 
electrolyte plays an important part in the chemical 
change which goes on either in charging or discharg- 
ing. On discharge the sulphuric acid of the electrolyte 
enters both negative and positive plates, combining 
with the active material, and the greater the amount 
of discharge, the greater will be the amount of acid 
held in chemical combination within the plates. 


In a fully charged battery the two plates are dif- 
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Lesson No. 44 
Gould Lamp Regulator--Cont’d 


Generator Regulator Panel. 


The adjustments of the potential and current coils of 
the generator regulator are made at the factory and no 
further adjustment in service should be necessary. In 
case it does become necessary to alter the setting of 
either of these coils, this must be done by adding or re- 
moving weights from the dash pot plunger of that coil; 
adding weights will increase the voltage setting and re- 
moving weights will decrease it by 1 volt per weight 
approximately on 30-volt system, and 2 volts per weight 
approximately on 60-volt system. 


Removing the Regulator Coil. 


Both the current and potential coils of the regulator 
are constructed exactly the same, except so far as the 
size of wire used in winding is concerned. In case it 
becomes necessary to remove either one of these coils, 
the complete coil and frame should be removed entirely 
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ferent, the positive being of lead peroxide (Pb O2) 
and the negative sponge lead or (Pb); but in a fully 
discharged battery, one giving no potential whatever, 
the two plates would be identical, both PbO. This, 
however, having combined with the acid of the elec- 
trolyte, which enters the plates on discharge, will 
be in the form of soluble lead sulphate. Allowing 
the plates to stand in this discharged condition this 
will change from the acid or soluble sulphate to the 
white or insoluble sulphate, which ruins the plates. 

On discharge the electric current which is forced 
through the battery not only causes the positive plate 
to be oxidized to lead peroxide (Pb O2) and the neg- 
ative plates to be reduced to sponge lead (Pb), but 
this charging current also breaks up the chemical com- 
bination of the acid with the (PbO) or dead active 
material in both plates. 

There is then an actual flow of acid into the plates 
on discharge and out again on charge. This acid must 
diffuse through the pores of the active material of the 
plates and as these pores are extremely fine, the ac- 
tion takes place rather slowly, particularly when the 
active material which is being worked, lies deep down 
in the plate so that the acid must diffuse through a 
thick wall of active material. This causes the action 
to go on more slowly at the finish of either charge or 
discharge, and it is largely due to this one fact that 
a higher voltage is required in order to force this 
chemical change to go on at the same rate at the end 
of charge (constant charging current), and in the case 
of discharge, it causes the discharge voltage to 
gradually decrease until near the end of charge it falls 
quite rapidly. 

It is just as important to understand the mechanical 
action which goes on inside a storage battery as it is 
to understand the electrical or the chemical action, 
for having a clear understanding as to how the acid 
goes in and out of the plates will help us in explain- 
ing to ourselves some of the things which occur in 
the operation of a storage battery. 
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from the board. This is done by first removing the dash 
pot, then the pin at the top of the plunger, connecting 
the links to the lever. Be sure to hold the plunger to pre- 
vent it from falling; screws connecting the terminals to 
the connection blocks should be removed. The two 
screws holding the magnet frame at the top should then 
be removed and the two screws holding the frame at the 
bottom loosened. These screws are located back of the 
dash pot and as they are difficult to get at, the feet of the 
magnet frame are slotted so that once the screws are 
loosened the frame may be lifted off the board. 

Then remove the piston and plunger of the coil from 
the magnet frame and unscrew the three screws holding 
the dash pot cover to the bottom of the magnet frame; 
this cover carries the guide rollers for the plunger and 
also the brass retaining tube of the coil. This retainer is 
a brass tube soldered to the dash pot cover and is 
slipped up through the center of the coil, holding it 
firmly in place. In case the tube sticks in the coil so that 
it is difficult to remove it, insert a screw driver in a slot 
ey the bottom of the magnet frame for this purpose. With 
the retainer tube removed, the coil at once falls out of 
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the magnet frame. In replacing a coil the operation is 


just the reverse. 


Automatic Switch. 


The automatic switch can easily be adjusted so as to 
close at the proper voltage. After the train has gotten up 
good speed and the automatic switch normally closed, 
raise the field resistance arm on the voltage side of the 
regulator. This will loosen the carbon pile and cause the 
generator voltage to be reduced until the automatic 
switch drops open in the usual manner. Then, with a 
voltmeter cross the generator terminals, gradually lower 
the field resistance arm. This will gradually raise the 
generator voltage and this voltage should be noted by 
watching the voltmeter as the automatic switch closes. 

If the switch closes at too low a voltage, loosen the set 
screw at the top face of the magnet frame and back up 
on the pole screw at the top of the frame by inserting a 
pin in holes provided in the periphery of the screw for 
this purpose. This will raise the upper pole of the switch 
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Fig. 220. Gould Type ‘‘M’’ Lamp Regulator 


so as to increase the air gap and require a higher voltage 
across the lifting coil of the switch in order to lift the 
plunger and close the switch. 

Then try the switch as before, and note the voltage at 
which it closes. If the generator voltage goes too high 
before the switch closes, run in the pole screw at the top 
of the magnet frame and this will lower the upper pole 
of the switch, closing the air gap and allowing a lower 
voltage across the lifting coil to lift the plunger and 
close the switch. The proper adjustment of this pole 
screw can easily be determined by trial. 


Renewing Auto Switch Parts. 


The brushes and carbon contacts of the auto switch 
are, of course, occasionally renewed. A new brush can 
be added by simply unscrewing the screws holding the 
old brush, and inserting a new one in its place. Brushes 
are slotted so that they can be adjusted to proper posi- 
tion so that the contact block on the plunger makes con- 


RAILWAY ELECTRICAL ENGINEER 


‘tact with both brushes at the same time. 


151 


The brushes 
should be set so that they do not close contact until after 
the carbons, but should make solid contact when the 
switch is closed and the two plungers of the auto switch 
come together. The plunger of the switch carries a piece 
of brass at the upper end so that it will not stick to the 
upper pole. 

The carbons should be set so as to close just before 
the copper contacts. It will be noted that they are each 
carried on an L-shaped arm which pivots on the contact 
block and the lower projections of the two arms carry a 
spring between them, which forces the carbons to make 
firm contact, yet does not retard closing of the switch. 
With switch open the metal to metal break should meas- 
ure ¥% inch and the carbon to carbon break 1/16 inch. 

In order to renew either one of the coils of the auto- 
matic switch, remove the whole switch from the board 
by removing the two screws at the top and the two at 
the bottom and disconnecting the leads of both the series 
and voltage lifting coils; unscrew the two guide posts at 
the bottom and remove the plunger of the switch, then 
unscrew and remove the upper pole complete with the 
retaining tube. The coils will then fall out and it will be 
noted that the voltage or lifting coil is wound inside of 
the heavy series coil. In replacing coils, the operation is 
just the reverse, but care should be taken to make sure 
that connections are made exactly as before. 


Renewing Field Resistance Carbons. 
Remove the cover of the pile and also the rod holding 
the glass tube at the top of the pile. By raising one of 
the levers, carbons can then be picked right out as de- 
sired and new carbons added. Enough carbons should be 
added until one of the levers is just held off its roller 
guide. 


Fig. 210. The Series 


Gould Simplex Generator Regulator Panel. 

Regulating Coil Shown at the Left and the Voltage Regulat- 

ing Coil, Shown at the Right, the Carton Pile at the 
Top and Automatic Switch in the Center 
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Handy Arc Welding Resistance. 


Here is an arc welding resistance which we have 
found to be most useful. We have been using it for 
some time and with it a welder has no use for an 
ammeter, since he knows the current that will flow 
with different combinations of switches and he is 
always operating with a closed circuit. 

Below is given a sketch of the wiring diagram of 
the resistance circuit for electric welding. 

The accompanying sketch is a wiring diagram of 
an electric welder circuit, which we have found to be 
very useful and convenient to operate. 

Nos. 1, 2, 3, 4, and 5 are single pole, single-throw 
knife switches. 

No. 7 is a bank of resistance composed of 48 parts 
or girds. 
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Arrangement of Resistance Connections for Varying the Resistance 
of an Arc Welding Circuit 


Switch No: 1 short circuits 1 part or 1/48th otf 
total resistance. 

Switch No. 2 short circuits 2 parts or 2/48ths of 
total resistance. 

Switch No. 3 short circuits 4 parts or 4/48ths of 
total resistance. 

Switch No. 4 short circuits 8 parts or 8/48ths of 
total resistance. 

Switch No. 5 short circuits 16 parts or 16/48ths of 
total resistance. 

Switch No. 6 is a double pole, double throw, and 
when in position A all resistance is in series and when 
in position B the resistance divided in the center and 
each half placed in parallel. 

For pencil welding place switch No. 6 in position 
A and have switches Nos. 1, 2, 8, 4, and 5 open, which 
will give you the smallest amount of current, for all 


resistance is in series. 
switches Nos. 1, 2, 8, 4, and 5 you can gradually in- 
crease your current and get 32 different regulations 
from lowest to highest. 

By closing switch No. 1 you cut out 1/48th of re- 
sistance. By opening No. 1 and closing No. 2 you 
cut out 2/48ths of resistance. | 

The following combinations will change the resist- 
ance as shown at the right: 

Portion of Resistance 


Switches Closed Cut Out. 
1 and 2 3/48 
3 4/48 
1 and = 5/48 
2 and 3 6/48 
1, Siandes 7/48 
4 8/48 
1 and 4 9/48 
2 and 4 10/48 
1, 2 and 4 11/48 
3 and 4 12/48 
1, 3 and 4 13/48 
2, 3 and 14/48 
1, 2. 8handes 15/48 
5 16/48 


The largest mount of current is obtained by closing 
switches Nos. 1, 2, 3, 4, and 5, which cuts out 31/48ths 
of the total resistance, which will give you the largest 
current with resistance in series. For carbon welding 
place switch in position B and have switches Nos. 
1, 2, 3, 4, and 5 open. 

By operating switches Nos. 1, 2, 3, 4, and 5 as de- 
scribed above, you get 32 more, making 64 different 
currents from lowest to highest. 

E. L. Work, 
Columbus, Ohio. 


Effect of Oil on Brushes. 
To the Editor: 

I would like to ask some of the axle light fraternity 
if they ever have trouble with generator brushes ab- 
sorbing oil, making it almost impossible to keep com- 
mutator clean. 

Of course, a machine that is carefully oiled should 
not shed oil on the commutator, but the fact is that 
some terminal inspectors will persist in flooding ma- 
chines. Now, as carbon is very porous, a large quan- 
tity of oil is absorbed and as soon as the brush becomes 
warm the oil comes right out, with anything but bene- 
ficial results. We have tried several schemes for get- 
ting rid of the oil and so far gasoline seems to give 
the best results, although it is not altogether satisfac- 
tory for the reason that when gasoline comes in con- 
tact with oil, the latter recedes and a large portion of 
it goes deeper in the brush, although the outside may 
be very clean. The result is a dirty commutator as 
soon as the brush gets warm. 

Some one suggested to me to impregnate the brushes 
with parffine in order to stop up the pores and prevent 
absorption. This, however, was immediately aban- 
doned on account of the paraffine coming out and coat- 
ing the commutator. In this case the cure was worse 
than the illness. 
boys, I am, E. C. Meilloret, L. I. R. R. Shops, New 
York, | 
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The Minneapolis, St. Paul, Rochester & Dubuque 
Electric Traction Co., operating what is popularly 
known as the “Dan Patch” Electric Lines, has re- 
cently placed in commission three 60-ton gas-electric 
locomotives for freight, passenger and terminal serv- 
ice. These are somewhat similar in design although 
heavier than the 57-ton gas-electric locomotive which 
has been in successful operation daily on the com- 
pany’s lines for the past year or more from Minne- 


Fig. 1. End View 60-Ton Gas-Electric Locomotive for “Dan Patch” 


Electric Lines. 


apolis to Mankato, Minn. The four gas-electric loco- 
motives, as well as thirteen gas-electric motor cars 
which the railway company has purchased to date, 
were designed and built by the General Electric Com- 
pany. It is interesting to note that this is said to be 
the first railroad in the world operated entirely with 
gas-electric service. 

The railway extends south from the company’s ter- 
minal building in Seventh Street, Minneapolis, a dis- 
tance of 107 miles to Mankato. About midway of the 
line a branch runs northeast from Northfield to Ran- 
dolph, 7 miles distant. Another extension is contem- 
plated from Faribault southeast to Owatonna, Waseca, 
Geneva, Albert Lea, Austin, Dodge Center, Rochester 
and beyond, having Dubuque, Ia., as its objective ter- 
minal point. The fine rolling section of Minnesota 
thus traversed, with productive grain fields, dairy and 
truck farms, and numerous thriving towns and cities 
of varied industrial activity, is one of the most pros: 
perous in the state. 

The territory presents few difficulties in road con- 
struction, the severest grade on the present line being 
2 percent. The roadway was built, and improvements 
are being constructed, with a view to permanent sta- 
bility, reinforced concrete being frequently used in the 
work. Substantial stations, similar to those used by 
steam railroads, are located at the various cities and 
towns along the route; and smaller stations have been 
erected every few miles at rural stops to afford pro- 
tection to the traveling public from inclement weather. 


About 25 miles south of Minneapolis, at Orchard 
Gardens station, several thousand acres of farm land 
have been divided into 5 and 10-acre tracts by the com- 
pany and are being sold to residents of Minneapolis 
and St. Paul, many of whom have erected houses and 
travel to and from their places of business in the city 
each day on the railway. There are also many attrac- 
tive lakes along the route, affording excellent facilities 
for boating, bathing and fishing, which lures thousands 
of city dwellers out into the open country and to cot- 
tages during the summer months. Antlers Park, a 
summer resort and recreation park 30 miles south of 
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Fig. 2. Interior of Cab of 60-Ton Gas-Electric Locomotive for ‘‘Dan 


Patch’’ Electric Lines. 


Minneapolis, is owned and operated by the traction 
company. 
Train Schedule. 


Four through trains daily each way, one of which is 
a limited parlor car train, constitute the normal pas- 
senger schedule of the road. The limited makes the 
run of 107 miles, including four stops, in 3 hr. and 25 
min.; while the other trains require 4 hr. and 5 min. for 
the trip. This service is supplemented by local trains 
between certain points of the line and the terminals, 
and by excursion trains during the summer season as 
occasion requires. One 70-ft. gas-electric motor car, 
seating 89 passengers, normally makes the run; when 
travel is somewhat heavy, a trailer is added to this; 
and for excursions and extra heavy traffic, a train is 
made up of trail cars drawn by a 60-ton gas-electric 
locomotive. 


Locomotive Details. 


The new 60-ton locomotives are double ended and 
are designated type 404-G-120-4-GE-205-D. They are 
built with the box type of cab extending nearly the 
entire length of the underframe and have all the weight 
on drivers. Each locomotive is equipped with four 
GE-205-D motors. The truck clearances allow for 100 
ft. minimum radius curvature. The power plant con- 
sists of two generating sets similar to the one used in 
the gas-electric motor cars. Only an engineer is re- 
quired to operate the locomotive. 

The box cab is of’all-steel construction. The side 
posts and rafters consist of “T” iron’and angles cov- 
ered with shéet steel plates having lap and butt joints 
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securely riveted. Outside platforms of suitable width, 
protected by hand or guard rails and mounted by 
iron sill steps, are left at each end to provide entrance 
through the end center doors. Both ends of the cab 
are also removable to permit readily the installation 
of the apparatus. The interior is not divided into com- 
partments. The generating sets and the controllers 
are installed in each end, while the auxiliary lighting 
_set, air compressor and storage tanks are grouped in 
the central section. The operator’s seat at the side of 
each end of the cab affords a clear view ahead of both 
sides of the track. There is also an engineer’s sliding 
side window, which is fitted with an arm rest and as- 
sists in giving ventilation, as well as an ample view 
both of the track and signals. All other windows drop 
into pockets and are arranged for adjustment. There 


Fig. 3. 


Dimension Outline of 60-Ton Gas-Electric Locomotive for 
“Dan Patch” Electric Lines. 


are fourteen in all, including those in the doors, af- 
fording plenty of light in the cab. 

The underframe of the locomotive consists of two 
10-in. 30-lb. section, longitudinal channels both for the 
outside and center sills. These extend the entire length 
of the platform, and are tied together by heavy end 
frame cast steel buffers and bolster plates, each 
channel being riveted to the webs of the end frame 
castings and bolted to the top and bottom bolster 
plates. The bolsters are built up of 12-in. by 1%-in. 
steel plates, the top bolster being carried clear across 
the platform and riveted to all four longitudinal sills. 
The cast steel center plate castings are bolted to the 
bolster plates. Cross sills are riveted in where it is 
necesary to support equipment hung below the frame. 

The drawhead castings are attached to the center 
sills. The draft gearing consists of standard MCB top 
operated tender couplers with 5-in. by 5-in. shank, 
yoke, twin springs and follower plates. The entire 
platform is floored and braced by 3%-in. steel plates 
running the width of the locomotive and riveted to 
the longitudinal sills. In the cab this is covered with 
wooden slatted matting. Pilots of steel angles with 
running board are bolted to the end frames and 
braced back to the side sills with bar iron. 

The two four-wheel swivel trucks are of the plate 
frame swing bolster type, designed for heavy freight 
work and conform to MCB standards. The side frames 
are built up of steel boiler plate with cast iron pedes- 
tals, which are bolted to the frames and securely fas- 
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tened together at the bottom by steel caps bolted-on. 
The transoms are built up of steel channels, rigidly 
braced and bolted to the frames with cast steel gus- 
sets. The truck bolster, of the swinging type, is built 
up of channels and pressed steel, and is supported on 
heavy triple semi-elleptic springs, Potter ends, hung 
by adjustable wrought iron swing links to the double 
side equalizer bars, which in turn rest on the journal 
boxes. The coil equalizer springs are cast steel tem- 


_ pered in oil. 


The journal boxes, fitted with bronze babbitted 
bearings and wedges, conform to MCB standards. 
The wheels are solid rolled steel, 33 in. dia., with MCB 
treads and flanges, 1913 contour. The axles are forged 
open hearth steel, 614-in. dia. between the wheels and 
with 5%4-in. by 10-in. journals. The air brakes, with 
16-in. brake cylinders, are the combined straight and 
automatic type, AVMS schedule, arranged double 
end control. 
hung, the heads being supported by hangers. The 
brake levers and connections are arrayed for easy 
slack adjustment. Air is supplied from the main en- 
gine compressors piped to the air tanks. The connec- 
tions between the tanks and to the operating valves 
are arranged to furnish air for starting and for op- 
eration of the brakes from independent sources. The 
brake rigging is proportioned for a brake shoe pres- 
sure of 85 per cent of the weight on the drivers with 
50-lb. pressure in the brake cylinders. A hand brake 
with: staff and handle is also provided and connected 
to act in conjunction with the power brakes. 


Electrical Equipment. 


Taking up the electrical equipment, each of the two 
gas-electric generating sets for the power plant equip- 
ment is composed of a 175 h-p., 550 r.p.m., 8-cylinder. 
4-cycle gasoline engine of the “V” type, which is di- 
rect-connected to a 600-volt, commutating pole, com- 
pound wound electric generator with an. outboard 
bearing supported by: brackets. bolted to the magnet 
frame. The cylinders are 8 in. dia. bore by 10 in. 
stroke. Ignition is accomplished with low tension 
magnetos and the sets are started by air pressure 
the same way as in the gas-electric motor cars, with 
the additional feature that after one set is running, 
the second may be started from the first electrically. 
The control is so arranged that either one or both of 


Fig. 4. Operating Side of One of Two 8-Cylinder, 4-Cycle, 600 Volt, 
Gasoline-Electric Generating Units in 60-Ton Gas Electric 
Locomotives for ‘‘Dan Patch’ Electric Lines. ; 


the generating units may be used’ to operate the lo- 
comotive from either end, in accordance with the re- 
quirements of the trailing train load. 


The brake shoes are cast iron inside | 


| 
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- Compressed air for starting is taken from the main 
reservoirs of the air brake system, which are built 
with surplus capacity. .The two main single-cylinder 
air compressors are- driven from ‘the crank shafts: of 
the.main engines, have a displacement of 22.5 cu. ft. 
of free air per min. at the rated speed and are fitted 
with automatic governors to maintain a _ constant 
pressure. Greater flexibility of control and economy 
of operation result through electrical transmission 
of the energy. The engines can rotate at normal 
speed irrespective of the speed of the locomotive and 
deliver their maximum power, a feature of great ad- 
vantage on grades, in case of snow storms or other 


Tractive Effort Curve Showing Approximate Performance 
of 60-Ton Gas-Electric Locomotives for ‘‘Dan Patch” 
Electric Lines. 


Fig. 


emergency conditions involving sudden, heavy cur- 
rent demands. 


The Gas Engines. 


Throughout the engines are of the highest type of 
construction. The base is cast with suitable hand 
hole plates for: inspection, of the working parts, the 
crank case is cast iron and the bearings are babbitt 
lined. The cylinders are of cast iron and have re- 
movable heads. The crank ‘shaft is of high carbon 
‘steel, oil treated, and the connecting rods are drop 
forged. The cam shaft is drop forged, with the cams 
integral, one on each side of the engine, the working 
surfaces of the cams being case-hardened and ground. 
The carburetor is the automatic, constant level, duplex 
type. Cooling water is circulated by a rotary pump, 
the water jackets being cast integral with the cylin- 
ders and heads. The gasoline pumps are the plunger 
type, the main pump being direct-driven from the en- 
gine; and the auxiliary pump, hand-operated for fill- 
ing the carburetors when first starting. Positive lu- 
brication is provided by oil under pressure. The pis- 
tons are of the trunk type and are fitted with cast iron 
piston rings. The. piston pins are of hardened steel 
and ground. ns 
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Auxiliary Gas Electric Set. 


There is also an auxiliary gas-electric set, the func- 
tion of which is to furnish power for lighting the cab, 
headlights and train coaches, and for pumping an ini- 
tial charge of air to fill the tanks and start the main en- 
gines. ‘This set is started by hand. It consists of a 
vertical, 750 r.p.m., 4-cylinder, “4 cycle gasoline engine, 
which is direct- connected to a 5 kw., 65-volt, commu- 
tating pole, compound wound, electric generator. The 
cylinders are 3 in. dia. bore by 6 in. stroke, and igni- 
tion is effected by a high tension magneto. The air 
compressor cn the 65-volt circuit is a two-cylinder, 
motor-driven, railway type CP-28, and has a piston dis- 
placement of 25 cu. ft. per min. when pumping against 
a tank pressure of 90 lb. per square inch. Air is taken 
from the cab interior through screens and is delivered 
to the three reservoirs, each 87% in. by 18 in., in- 
stalled at one side of the cab in the center and con- 
nected in series, thereby affording an opportunity for 
radiation of heat and condensation ‘of moisture be- 
fore entering the brake cylinders. After starting the 
main engines, the governor on this motor-driven set 
cuts it out and all air is supplied by the air EOMIp Aes: 
sors on the main engines. 

Mounted on the axles with nose suspension are four 
600-volt, series, commutating pole, oil-lubricated, box 
frame, railway motors having an hourly rating of 100- 
h. p. each. All four axles are therefore driving axles, 
a forged pinion being mounted on each armature shaft 
and meshing into a corresponding cast steel split gear 
mounted on the axle. The gear ratio is 58 by 17 featl 
a reduction of 3.41, which is especially adapted for 
freight and terminal switching service, as it affords 
maximum tractive effort at start and low speeds. The 
motors are ventilated by a special vacuum system in 
conjunction with the engines. The performance of the 
locomotive is shown approximately in the curve giv- 
ing the tractive efforts obtainable at various speeds. 


Speed Regulation. 


The control of the motor equipments is similar to 
that of the standard gas-electric motor cars, a type 
P-53 controller being installed in each end. Two mo- 
tors are, however, connected permanently in parallel 
and these two pairs, operated like single motors, are 
placed progressively in series and parallel. The con- 
troller provides seven running steps in series and six 
in parallel, without rheostats in the main circuit. 
There are also two additional points for shunting the 
series fields, making a total of fifteen efficient running 
points. 

Inasmuch as electrical energy is transmitted di- 
rectly, there are no losses through the intervention of 
mechanical change-speed gearing. To produce the 
smooth and rapid acceleration, the speed changes of 
the motors are effected by governing the voltage 
through varying the strength of the generator fields, 
which is accomplished by the movement of one handle 
on the controller. Separate handles are provided for 
throttling the engine and for reversing the motors. 
The latter is accomplished instantly by changing the 
motor connections in the usual manner, without stop- 
ping the eneines, which always rotate in the same di- 
rection. This allows the train to be brought to a halt 
quickly independent of the brakes in an emergency. 

The 300 gal. gasoline storage tank, fitted with filler 
and filter, is installed underneath the underframing, 
as is also the brake cylinder. The radiators are the fin 
tube type and are mounted on each end section of the 
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cab roof. The cooling water is circtilated by the ther- 
mo-syphon system. There is also a radiator draining 
system, the tanks being situated at one side in the cen- 
tral section of the cab. A suction type ventilator is 
mounted in the roof between the radiators. A roof 
ladder is provided on each side of the cab and all nec- 
essary grabs in accordance with I. C. C. require- 
ments. 
A single unit headlight, fitted with a 250 watt, 65 
volt, gas-filled Mazda lamp, is mounted on each end 
of the cab. Double pneumatic sanders, a 40-pound 
composition bell with pneumatic ringer and cord, and 
a pneumatic whistle are operated from either end of 
the cab. The end sliding doors are of wood and are 
fitted with locks and handles. They have glass in the 
top panels and air registers below. Air registers are also 
inserted in the upper and lower panels of the cab ends. 
Car lighting arrangements include six Mazda ceiling 
lamps; four receptacles for the portable lamp; one 
portable lamp with guard, flexible cord and plug, and 
bus line connections at each end for train lighting. The 
usual complete equipment of tools is included. 


Principal data and dimensions of locomotives: 


otal metiwereht equipped on rails eee ee 120,000 1b. 
Wieichitaper pas] oxeie 4s ee on 2e cea eee 30,000 Ib. 
Maximilmiuathactivienett Ores. seers ae ee ea ene 32,200 Ib. 
Length between knuckle faces of couplers.................. 41 ft. 4 in. 
ene thino vers: cabs tie eee UPN ee, Oe ae ee ody eee ee 34156. 
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. §. K. F: Ball Bearing Bulletin: 


The S. K. F. Ball Bearing Company have prepared 
for the use of railway electricians a bulletin entitled 
“S_K. F. Ball Bearings for Car Lighting Generators.” 
This well prepared and artistic bulletin discusses the 
design and assembly and describes the application of 
S. K. F. ball bearings to various types of car lighting 
equipment. : 

The first section gives detailed information con- 
cerning the S. K. F. bearings, such as strength, qual- 
ity, design, etc., another section tells how plain bear- 
ing generators can be changed over for use with 5. 
K. Fs., and the rest of the pamphlet contains illustra- 
tions showing some of the adverse conditions under 
which bearings must work in this class of service. 


Series Mercury Arc Rectifier Outfit. 


The General Electric Company has just issued 
Bulletin No. 43900, describing that company’s Com- 
bined Unit Series Mercury Arc Rectifier Outfits. This 
outfit is designed to convert alternating current into 
direct current for the operation of Series Luminous 
Arc Lamps. The various devices composing the out- 
fit are so arranged as to require a minimum amount 
of space, simplified connections and afford the greatest 
safety to the attendant. These sets are made in 25, 
50 and 75 light sizes, for 25 and 60 cycles, 2,200 volt 
primary, and 4, 5 and 6.6 amp. secondaries. The con- 
struction of the outfit is illustrated and described in 
considerable detail. The bulletin contains dimension 
and connection diagrams, together with catalogue 
nunabers and other data. 


Our Argument 


when thus soliciting your patronage for our products is based principally on these three facts: 
First, the superior and sustained quality of STANDARD products; 
Second, their great variety, which enables us to meet your every requirement in the way of electric wires 


and cables and their accessories ; 


Third, our extensive and up-to-date facilities which enable us to meet your emergency demands, shipping 
promptly from extensive stocks located at convenient shipping points, all products not necessarily 


f made to special order. 


The following is an outline of our principal products: 


Bare Wire and Cable 

Trolley, Line and Transmission Wires 
Brass and Bronze Wires 

For all classes of service 
STANDARD C. C. C. Wire 

(Colonial Copper Clad) Bare and Insulated 
Magnet Wire 

All sizes, shapes and finishes 
Weatherproof Wire 

All sizes and finishes 
Rubber Insulated Wires 

For all kinds of service 
Varnished Cambric Cables 

Braided or Lead-Covered 


Fibre Lead-Covered Cables 

Telephone and Telegraph Service 
Paper Lead-Covered Cables 

Dry or saturated cores 
Rubber Lead-Covered Cables 

For all kinds of service 
Armored Cables 

Steel-Wire and Steel-Tape-Armored 
Cable Terminals 

(D..0. A.) Outdoor, (Dr S)) indoor, service 
Cable Junction Boxes 

Horga. C..ors Das Ce Svstenis 
**Ozite’’ Insulating Compounds 

For Joints, Terminals, Junction Boxes 


Cable Installations 


Detailed information, samples, estimates or prices of any of the above products will be cheerfully and 
promptly supplied upon request to our nearest office. 


Standard Underground Cable Company 


General Offices and Works: 
-Chicago 
Detroit 


5; Boston 
New York 


Philadelphia 


Pittsburgh 
Atlanta 


Cleveland 


Pittsburgh, Pa. 


St. Louis 
Seattle 


Portland 
Los Angeles 


San Francisco 
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5,000 Volt D. C. Electric 
Traction 


Engineers have long been accustomed to the use of 
high voltages for a. c. transmission of power but it is 
only within the past four or five years that the matter 
of high voltage direct current transmission of power 
for railway traction purposes has been considered. The 
first radical departure from the 600 d. c. system, so 
long considered the limit for direct current operating 
voltages, was found in the introduction of the 1,200 
volt d. c. electric railway service about five years ago. 
This radical departure was a surprise to many engineers 
and many were skeptical as to the outcome of the ven- 
ture. This limiting voltage, however, was soon raised 
to 1,500 volts, and in the Butte, Anaconda & Pacific 
Ry. installation in 1913, this maximum operating d. c. 
voltage was raised to 2,400 volts d. c. In the sys- 
tem of the C. M. & St. P. electrification in Montana, 
patterned after this latter installation, the operating 
voltage was again raised to 3,000 volts d.c. Each of 
these new developments has been considered most 
radical at the time of conception, but now comes an- 
other development along this line which would seem 
to make all others pale into insignificance. An experi- 
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mental line between Jackson and Grass Lake, Mich., 
is in regular operation at 5,000 volts d. c.! 

This is an experimental installation and a small in- 
dividual car equipment, it is true, and to some, even a 
perfect record of five months operation might not be 
considered sufficient basis for any prediction as to the 
possibilities of this system in connection with heavy 
main line electrification. Upon a closer study of the 
problem, however, it is found that the operation of a 
small high voltage d. c. unit is more difficult and more 
severe a test than would be the operation of a high 
power unit. It is not a difficult matter to insulate a 
large motor, for 5,000 volts, where there is ample clear- 
ance space and where a large commutator permits of 
liberal commutator bar insulation. But the real test 
of such a system is to be found in the operation of the 
small unit—a single car equipment, such as this ex- 
perimented with on the Jackson-Grass Lake Line. 
Moreover, railroad officials now appreciate that one of 
the chief points of merit of electrical operation of steam 
railroads is to be found in the ability to operate small 
units frequently and accordingly, any system adopted 
for main line electrification must be able to take care 
of not only the high power locomotives, but also the 
single car or multiple car units for passenger service. 

It is a remarkable fact that after five months opera- 
tion, the commutators of the motors are in perfect con- 
ditions, showing no arcing whatever and even the 
switching units in the 5,000 volt d. c. circuit show 
scarcely any smoking or burning as the result of break- 
ing the d.c. arc at this extremely high voltage. As a 
matter of fact, these units have much fewer marks of 
service in this particular than would the switching ap- 
paratus of an ordinary 600 volt car in service for a 
similar length of time. 

The third serious problem of the high voltage d. c. 
railway, that of obtaining low voltage power for oper- 
ating the car lights, control circuits, air compressor, 
etc., is taken care of in a novel manner by employing 
a storage battery connected in series with the main 
traction motors, the traction current acting as charg- 
ing current for the storage battery. 

It is, of course, dangerous to make any serious pre- 
dictions based on the results of a single experiment, 
but the operating results of this. trial installation are 
so extremely satisfactory, that we cannot but look 
hopefully toward the possibility of further and more 
extensive application of this system, which embodies 
the combined advantages of the low transmission loss 
and ease of current collection of the high voltage a. c. 
system as well as the lightness, flexibility and effi- 
ciency of the d. c. locomotive equipment. 


The Small Gas Filled Mazda 


It is a trait of human nature to make use of a new 
thing, often simply because it is new, rather than 
through any obvious merit of the article. The exten- 
sive use of gas filled Mazdas in sizes below 100 watts 
is, without question, open to this criticism, in view of 
the present state of the art. 

These lamps have to recommend them for use simply 
an operating efficiency of but about 10 per cent better 
than the vacuum type Mazdas, while, on the other 
hand, they have the disadvantages of high intrinsic 
brilliancy, which injures the eyes, original cost twice 
as high and an average life but about one-fourth as long 
as the vacuum type Mazdas. So when the new lamps 
are stripped of their novelty features it is not only diffi- 
cult to find a justification for their use, but the use of 
these units should be strongly condemned, at least 
until manufacturers have had opportunity of develop- 
ing a satisfactory lamp in these sizes. 
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The First 5,O 


Three years ago trolley voltages of 3,000 to 5,000 
volts were possible only with a. c. equipment, but to- 
day the 5,000 volt d. c. electric railway is an accom- 
plished fact. 

The developments in high voltage direct current rail- 
way equipment of the past three years have been most 
remarkable. The first departure from the standard 
600 volt direct current system, so long considered the 
limit for railway practice, was found in the 1,200 volt 
d. c. system. In later installations this was raised to 


Fig. 1. Interurban Car Operating from 5000 volt d. c. Trolley on 


Experimental Line. 


1,500 volts, and in the Butte, Anaconda & Pacific Ry. 
installation again raised to 2,400 volts, while the main 
line electrification of the C. M. & St. P. Ry., in Mon- 
tana is designed for operating at 3,000 volts—but yet 
again comes another radical increase in d. c. operating 
voltages in the announcement by the Westinghouse 
Elec. Mfg. Company of the successful operation of a 
5,000 volt direct current railway between Jackson and 
Grass Lake, Mich. 

Although this installation is but of an experimental 
nature, it has been operating since June 1st on a more 
or less regular schedule, and with the exception of a 
few minor troubles experienced at the start, no diffi- 
culty whatever has been experienced in its operation, 
and there has been no delays in traffic caused by the 
electrical equipment of the car. 

In addition to the experimental trials of the 5,000 
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Fig. 2. An Important Net Work of Electric Railways of the Michi- 
gan United Traction Company, Showing Location of 5000 Volt 
Section as Well as Other High Voltage d. c. Lines. 
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volt motor equipment, this installation involves also a 
very important experiment in the operation of high 
voltage vapor converters of large capacity, which are 
installed in the sub-station and furnish the high volt- 
age direct current. Three converters, operating from a 
three phase circuit, have their direct current ter- 
minals connected in series so that the resultant recti- 
fied d. c. current has a rather smooth voltage curve, 
due to the overlapping of the phases. This installation 
then is really a double experiment, proving the worth 
of both the 5,000 volt d. c. motor and incidentally the 
high voltage vapor converter. 


The officials of the Michigan United Traction Com- 
pany, who have been pioneers in the use of high volt- 
ages for transmission and traction purposes, gave over 
a section of their line between Jackson and Grass 
Lake and also an interurban car and part of the Grass 
Lake sub-station for the 5,000 volt experiment. On 
June 1st of this year preliminary tests were made, and 
after a few minor errors in wiring were corrected, the 
car was found to operate with entire satisfaction. Ac- 
cordingly, it was consigned to regular service on the 
night schedule during the summer months, when a 
single car could perform the service, and later in the 
fall, when summer rush traffic subsided, this car was 
put into regular all-day service. 


Fig. 3. A Near View of One Truck Showing Position of Motors. 

It is a remarkable fact, considering the radical in- 
crease in voltage over any former installation, that 
there has not been a single interruption to the service 
chargeable to the high voltage electrical equipment on the 
car, and it is also most remarkable that it has not been 
found necessary to change any detail in the equipment 
since the service began. 

Obviously, the most difficult features in the operation 
of a high voltage direct current system of this nature 
would be found in the motors, the high voltage switch- 
ing mechanism and in the method of obtaining low volt- 
age current for the control circuits and car lights. ; 

On first thought it might seem that results obtained 
from the operation of a single car unit of small capacity 
would furnish no criterion for predicting results to be 
obtained with high power locomotives operating at the 
same voltage and under the same conditions, but as a 
matter of fact, it is much easier to build a large 
motor to operate at 5,000 volts than it is to build a 
small one. Moreover, railroad officials now appre- 
ciate that any system of electric traction which is to be 
used over an entire division must take care of not only 
heavy freight trains and heavy passenger trains, but 
also of the light passenger traffic, which would re- 
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Fig. 4. Commutator End of Twin Motor. This Consists of Two 
Separate Armatures Connected Permanently in 
Series, Each with Bi-Polar Fields. 


quire small multiple unit car equipments such as this 
experimental car. It, therefore, may be said that so far 
as the motors are concerned, the experiment with the 
single car unit is even more severe than would be ex- 
perienced in the service of a large high power locomo- 
tive. It is a comparatively easy matter to design a 
commutator bar spacing and coil insulation when 
motors are to be mounted on large locomotives where 
plenty of space is available, but the real test of a sys- 
tem is to be found in the small multiple unit cars, as 
was employed in this experimental installation. 

It is a noteworthy fact, however, that the entire 
equipment of this car has been installed beneath the 


Fig. 5. Under-Body View of the Car Taken from Pit Showing 
Mounting of the Motor, Clearances, etc. 
Armature 
Main Pole / Commutating Pole 


brushes Pinion 
Ordinary Motor Double Armature Motor 
0 for 2400 Volts 
eer or 210 Series for 5000 Volts 
Fig. 6. Comparison of the Ordinary 600 or 1200 volt Motor and 


the 5000 volt Motor. 
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car and without any undue crowding of the apparatus 
and with sufficient clearance at all points. 


Motors. 

The most novel feature of the equipment is found 
in the use of a twin armature bi-polar motor, two 
separate armatures being contained in each motor 
frame and both armatures driving the same axle gear. 

This type of motor construction has certain charac- 
teristics which lend it nicely to high voltage operation. 
With a given size of armature, a bi-polar motor per- 
mits the use of twice the voltage as with the same 
size armature in a four-pole frame. The twin armature 
type motor weighs but very little more than a four 
pole motor of the same h. p. The two armatures, being 
geared to the same axle, drive as a single unit and the 
pressure on the gear teeth is reduced to one-half. 

This car is equipped with four twin motors of 100 


— 


Fig. 7. Pinion End of Twin Armature By-Polar Motor. These 


Two Pinions Drive the Same Gear, Reducing Gear 
Tooth Pressure to One-Half. 


h. p. each, and in starting the eight armatures of all 
motors are connected in series, as is shown in the wir- 
ing diagram of the system, Fig. 12. After the car has 
accelerated and the controller is thrown to the running 
position, the motors are operated in two parallel 
groups, each group having two motors (4 armatures) 
connected in series. Therefore, the maximum voltage 
impressed across a single armature is 1,250 volts. 

The series field windings of the motors are all con- 
nected near the ground side of the circuit, therefore, 
the field coils are insulated for low voltage operation. 
The armature coils, however, are insulated for 5,000 
volts. 

The commutator is but 3 in. wide and has the mica 
between segments undercut in the usual manner. 
Standard carbon brushes are employed. The brushes 
are well insulated, having several inches of vertical 
creepage surface over porcelain to ground porcelain. 

The total mileage by the car to date is approximately 
6,000 miles, but this has been in rather severe service 
on account of the frequent stops and rapid accelera- 
tion. But, contrary to what might be expected, with 
a direct current operating voltage of so high a value, 
the commutator shows no arcing whatsoever. In 
fact, it is in perfect condition, as is shown by the illus- 
tration, Fig: 13. 

Each twin motor is equipped with two commutating 
poles, one at the top and the other at the bottom, as 
shown in diagram, Fig. 6, but these two are appar- 
ently all that are necessary to give perfect commuta- 
tion. 

Switching Mechanism. 

Another very important feature of the equipment is 

found in the switching mechanism. It is a simple mat- 
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Fig. 8. Under-Body View of Car Showing One Section of High 
Voltage Switching Apparatus at the Left with Arc Splitter 
Chambers Above and Grid Resistances at the 
Right, Insulated for 5000 Volts. 
ter to handle high voltage alternating currents by 
means of the oil switch, for when the voltage falls to 
zero, it is simply cut off by the oil film, With a direct 
current circuit, however, the voltage never falls to 
zero, therefore, the arc is maintained even in oil and 

the problem is a much more serious one. 

This has been solved by means of a very ingenious 
device known as the “arc splitter.” As soon as the 
circuit is opened and the are forms, a magnetic blow 
out coil causes the arc to move out of its normal path 
between contacts, this being the same principle which 
causes a wire Carrying current to move through a mag- 
netic field. As the arc bows out, however, it. imme- 
diately strikes the edge of a V-shaped piece of soap- 
stone placed in front of the switch contacts. This 
serves not only to greatly lengthen the arc, but chills 
it and causes it to be quickly extinguished with very 
little flashing. As a matter of fact, the severe test 
of notching up the controller with all brakes set until 
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Fig. 9. .One of the High Voltage Switching Groups Showing 


the car circuit breaker opens does not cause nearly as 
much arcing on the switch contacts as would be ex- 
perienced with the same test on a 600 volt car. 

The arc splitting chambers were carefully examined 
by the writer after five months’ service, and they 
showed evidence of but very little arcing, only in one 
or two cases being appreciably smoked. 

Instead of the usual single break switch, a double 
break switch is employed for the 5,000 volt circuits, as 
shown in Fig. 10. The contact blocks of the switches 
showed no beading or serious burning whatever. | 

The switching mechanism is located in three groups 
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under the car, as shown in Fig. 8. The switches are 
closed by compressed air and opened by springs in 
accordance with standard Westinghouse practice. 
Magnetic valves control the air supply to the switch 


Fig. 10. Diagram Showing the Difference in Principle of Ordinary 
600 Volt Switch and the Double Brake 5000 Volt Switch. 
Magnet Operating Valves and Air Plungers, with 
Arc Splitter Chambers Above. 


pistons and the operation of the magnetic valves is 
effected by the master controller. 

It will be noted from the diagram, Fig. 12, that the 
starting resistance is located at the high voltage side 
of the circuit and accordingly this grid resistance is 
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Fig. 11. The 5000 Volt Switching Mechanism with Covers Applied. 


well insulated by special mountings of porcelain and 
mica, as shown in the under body view, Fig. 8. 


Operation on 600 Volts. 


Inasmuch as this particular car must operate over 
the city tracks of Jackson, as well as on the high volt- 
age division, it is arranged so as to be changed over 
for 600 volt operation. A change-over switch con- 
nects all four of the twin motors in parallel. This 
switch consists of two standard ‘triple pole, double 
throw disconnecting switches with contacts mounted 
on porcelain insulators immersed in oil. The first 
notch of the controller connects all of the twin motors 
directly across the line without any starting resistance 
whatever on 600 volts. Higher speeds are effected by 
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Fig. 12. Wiring Diagram of 5000 Volt Car Circuits. 


Il-Double Break 5000 V Switch 


shunting the series fields of the motors. There are 
three positions for the 600 volt controller, one for start- 
ing, another for accelerating, and the third for the 
running position. 
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Auxiliary Equipment. 

The matter of obtaining low voltage current for the 
car lights, air compressor and control circuits is 
another problem of no small importance. This, of 
course, could be accomplished by means of a motor 
generator set, as done in other high voltage direct 
current installations, but in this case, a storage bat- 
tery is installed at the grounded side of the circuit and 
connected in series with the traction motors so that 
the current employed in driving the car passes through 
the storage battery as a charging current. 


Fig. 13. View Taken from the Pit Looking Upward Into the Motor 
Showing the Excellent Condition of the Commutator, 
Brush Holder Mounting, etc. 


The voltage of the storage battery selected for this 
purpose depends altogether upon the amount of cur- 
rent required for operating the lights, control circuits 
and the. compressor while standing still. Obviously, 
the more power required for these the greater will 
be the voltage of the storage battery selected. In this 
case the compressor motor takes approximately 4% 
k.w., the lights 600 watts, the headlight 450 watts, the 
control circuits about 300 watts, from which it has 
been calculated that a storage battery of 150 volts 
capacity would be required to furnish power for this 
auxiliary apparatus. Accordingly, 72 cells of M. V. 
Iron Clad Exide type are mounted beneath the car. 

A double governor is provided for the compressor, 
one operating on high pressure, and the other at low 
pressure. The high pressure control operates only 
when 5,000 volt current is passing through the motors, 
the low pressure control being effective when the car 
is at rest. Accordingly, practically all of the power 
furnished to the air compressor on the 5,000 volt line 
is taken while the main motors are operating so that 
a large capacity of storage battery is not necessary. 

A battery of counter e.m.f. cells are installed in 
parallel with the storage battery for the purpose of 
protecting it from heavy surges of current in starting 
the car. This also serves to absorb a large part of the 
motor current after the main storage battery has be- 
come fully charged, thereby protecting the battery 
from injurious overcharging. ‘his battery of counter 
e.m.f. cells is disconnected from the storage battery 
except when the latter is charging. 

Sub-Station Equipment. 

5,000: volt direct current power for operating the 
car is obtained from one of the power company’s sub- 
stations, which is equipped with a bank of three steel 
tank mercury vapor converters. These three convert- 
ers are connected across the three phases of a 3,800 
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volt circuit and the d. c. terminals of the converter are 
all connetced in series, as shown in the diagram, Fig. 
14. This is probably the first time that vapor convert- 
ers have ever been operated from a three phase cir- 
cuit in this manner. 

It is, of course, very dangerous to make predictions 
based on the results of a single test or a single instal- 
lation, particularly in view of the radical development 
represented by a 5,000 volt installation. It must be 
recognized, however, that the operation of this ex- 
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Fig. 14. Wiring Diagram of Converter System at the Sub-Station. 


perimental equipment has been entirely satisfactory 
from every point of view and it would indicate that 
the extensive use of direct current voltages as high 
as 5,000 volts or possibly higher, for main line elec- 
trification, is a thing of the near future. In any event, 
the remarkable fact remains that a standard inter- 
urban car has been equipped with four 100 h. p. motors 
and being operated in commercial service, has shown 
a perfect record over a period of 5 months’ operation. 


The Mechanical Problem of the Electric Locomotive. 


At the International Engineering Congress, which 
was held in San Francisco during the middle of Sep- 
tember, Mr. G. M. Eaton, engineer in the railway divi- 
sion of the Westinghouse Electric Manufacturing Co., 
delivered a paper on the above subject. 

In introducing this paper Mr. Eaton says the trans- 
mission of tractive effort from the motors to the driv- 
ing wheels stands pre-eminently among the multitude 
of mechanical problems presented by the electric loco- 
motive. 

The stresses due the static and dynamic inter-actions 
of the various elements of the transmission system of 
crank-and-rod coupled electric locomotives was the sub- 
ject: of an active discussion during recent use in the 
Continental Technical press. An elaborate formula 
for the approximation of existing stresses has been 
developed. * * * The purpose of this paper is to 
approach the static problem from a somewhat differ- 
ent angle than has been previously employed, and to 
discuss a number of diagrams worked out along the 
lines of the suggested method of analysis. 

A large part of the paper is given over to the discus- 
sion of polar diagrams showing the direction and in- 
tensity of forces acting on the different shafts. 

In conclusion Mr. Eaton says the entire transmis- 
sion should probably be designed to stand the maxi- 
mum pressures that can be applied at any speed, in 
combination with the stresses inherently produced by 
maximum speed. The maximum pressure on each rod 
will vary as an inverse function of flexibility and of 
load and as a direct function of pin and journal clear- 
ance and of speed (with motors of series character- 
istics). 
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Report of the A. R. 
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E. E. Convention, 


October 18-22, Chicago 


The use of electricity in steam raiload operation is 
an extremely live subject and the wide diversity of 
subjects and equipment discussed at the annual con- 
vention of the A. R. E. E. demonstrates that the elec- 
trical men of the steam railroads are keeping abreast 
on this wonderful development. 

Papers by Dr. Millener and J. H. Wickman on the 
wireless telephone and telegraph showed the present 
status of the matter and gave promises of some notable 
developments along this line. 

The committee on conduit specifications reported a 
comprehensive outline for a series of tests in specifying 
conduit ; the committee on wire and cable specifications 
presented a revision of former specifications so that the 
present A. R. E. E. specifications for rubber covered 
wire are among the most valuable and complete ever 
compiled. 

The committee on car wiring practice presented a 
specification which should make future car wiring in- 
stallations, the equal, if not the superior of any other 
class of wiring installations; the committee on illum- 
ination outlined the wonderful progress being made in 
lighting units. In a general discussion of ball bear- 
ings, some interesting information was brought out, 
both as to the method of cleaning, lubricating and life 
of the bearings. An instructive address on car lighting 
practice in foreign countries was presented; the com- 
mittee on compressed air in railway shops gave some 
valuable information on this subject, particularly in 
reference to the use of a large central compressor plant 
versus numerous small electric driving units located 
near the point of consumption. The report of the com- 
mittee on shop practice included some very interesting 
information on the use of electric furnaces for temper- 
ing high speed tool steel and also on the subject of 
magnetic chucks for holding materials on grinders, 
shippers, planers, etc. The committee on standardiza- 
tion of crane motors, although presenting but a pro- 
gress report, clearly showed the present situation to 
be very chaotic and presented some interesting recom- 
mendations as to crane sizes and operating speeds. 

Numerous other committee reports of interest, such 


as the committee on data and information, committee 
on standards, etc., were presented. 


Committee on Standards. | 


After much discussion pro and con relative to the 
recommendations to the committee on standards, as 
published in the October issue of the RAmLway ELECc- 
TRICAL ENGINEER, it was decided to substitute the re- 
port of the M. C. B. committee on train lighting, which 
is as follows: 

“Battery boxes shall have the following minimum > 
dimensions: Height in clear, 21%4 in.; depth front to 
back, 2 ft. 1 in. Length of compartment to hold two 
standard double-compartment trays, 3 ft. 9%4 in.” 

“On all new and remodeled axle dynamos provided 
with ball or roller bearings, armature pulleys shall be 
in accordance with the dimensions as shown on ex- 
hibit A.” (Subject to the correction of the location 
of the pulley web as may be decided by the M. C. B. 
and A. R. E. E. committees acting jointly.) 


“Tn all new or remodeled ball or roller bearing axle 
dynamos the details of the pulley end of the armature 
shaft shall be in accordance with the dimensions as 
shown on Exhibit B.” 

“On all sleeve-bearing generators having an arma- 
ture shaft less than 15¢ in. in diameter at the inside 
end of the pulley fit, a taper fit of 34 in. in 12 in. be 
used; the inside dimensions of the taper fit being 1% 
in. with a length of 2%4 in. measured on the axis of the 
shaft.” 

“On all future and remodeled ball and roller bearing 
axle dynamos, the roller or ball bearing in annular ball- 
bearing size used shall be that known as No. 412.” 

“That in wiring cars for electric lighting, all the wire 
shall be run in conduits, and the conduit shall be so 
installed that the wires can be pulled in and pulled out 
of the conduit after the car is completed.” 

“The generator pulley should be flanged and 
crowned, and have a 7-in. face. The diameter of axle 
pulleys should preferably be 17 in. or 21 in.; the diam- 
eter of the generator pulley should preferably be 8 in. 
Qcmd ines 
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Wireless Telephone and Tele- 
graplh 

Dr. F. H. Millener of the Union Pacific R. R. pre- 
sented an interesting paper on the subject of wireless 
telephone and telegraph in railroad service. He called 
attention to the fact that hardly had the announce- 
ment of telephonic communication by wire from the 
Atlantic to Pacific been announced and put into com- 
mercial practice, before the wonderful feat of talking 
across the entire country by wireless telephone was 
demonstrated by the engineers of the American Tele- 
phone & Telegraph Company, co-operating with the 
government engineers. The purely technical side of 
the story, however, has been kept from the public, but 
this in no way diminishes the wonders of the feat. 

He pointed out that practically all of the railroads 
throughout the country have been greatly interested in 
anything that would further protect their rolling stock 
and lives of the traveling public and they have made 
a rather extensive study of the possibilities of employ- 
ing wireless in communicating to and from trains en- 
route. 

Dr. Millener stated that he began work of this na- 
ture with the Union Pacific as early as 1906 and briefly 
outlined the equipment installed at the Kansas City 
‘Terminal Station, as was described in the November, 
1914, issue of the RAILWAY ELECTRICAL ENGINEER. 

He outlined a reliability test which was made cover- 
ing a period of 181 consecutive nights, the purpose of 
which was to determine the reliability of wireless as 
a transmitting and receiving medium. He stated that 
on every one of the 181 evenings it was possible to 
communicate with the Arlington, Key West and New 
Orleans stations, with occasional messages from Mare 
Island, Calif., and Galveston, as well as numerous 
ocean messages. 


Receiving Apparatus. 


Dr. Millener stated that they had numerous receiv- 
ing sets for both trains and stations, each of which is 
equipped with two distinct sets of apparatus and five 
separate detectors so that if any one of them fails an- 
other can be immediately switched into circuit. He 
called attention to the fact that although the present 
high price of wireless apparatus prohibits its use by 
railroads, this would be automatically taken care of 
by a great reduction in the price of this equipment 
when railroads decided to use it extensively. 


Dr. Millener stated he used detector audions in the 
receiving set, these audions being very sensitive are 
connected in cascade with a transformer. He ex- 
plained that the audion consists of an electric light 
filament, the filament being lighted from one set of 
batteries and a grid resistance receiving current, usu- 
ally from a dry cell. Dr. Millener then described a 
special arrangement for tuning which made it possible 
to switch quickly so as to receive either wireless tele- 
phone or telegraph waves. 

Mr. E. A. Woodard of the Kellogg Switchboard & 
Supply Co., in discussing this paper called attention to 


the fact that the public press had recently published a . 


story to the effect that with the application of the 
audion, the telephone sysem of a big ciy would be 
reduced to simply a box hung on the wall and this 
would bring us in direct communication with whom- 
soever we wished. He pointed out the fallacy of the 
story, in that a series of 400,000 different wave lengths 
would be required for the city of Chicago alone, to say 
nothing of the long distance communicating ’phones 
in range. 
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Upon being asked as to what experimental work had 
been done in communicating by wireless between the 
caboose and engine of a freight train, Dr. Millener 
stated there had been no definite experiments per- 
formed as yet, but said that he had this in mind and 
expected to do so shortly. In closing, Dr. Millener 
called attention to the new instrument just developed 
by Mr. Cooper Hewitt for the generation of continuous 
wireless waves. 

Mr. Woodard mentioned that the D. L. & W. Ry. 
have been recently trying to dispatch their trains from 
Scranton by wireless telephone and have succeeded in 
getting an audible telephone conversation both ways 
between the dispatcher at Scranton and a passenger 
train conductor 90 miles away. 


Committee on Wire Specifications. 


The committee this year has simply added to the 
1914 specifications to make them conform to the best 
engineering practice of the present time and to co- 
operate with the standardization committee of the 
American Institute of Electrical Engineers and to em- 
body such work of the bureau of standards of the 
United States government as was possible. 

Major Azel Ames, who read the report of the com- 
mittee, pointed out that through this co-operation with 
the bureau of standards the Association received much 
information on copper conductivity, rubber character- 
istics, and many other matters having to do with elec- 
trical conductors. 


On motion the report as published in the October 
issue of the Rattway ELeEecrRIcAL ENGINEER was rte- 
ceived and with some minor corrections submitted to the 
letter ballot. 


The report of the committee on metal conduit speci- 
fications was then read by the secretary. 


Committee on Metal Conduit Specifications. 


Your committee on specifications for riding metal 
conduit has held but one meeting. This subject is one 
of considerable importance and it was felt that a tor- 
ough investigation of the several types of rust prevent- 
ive coatings should be undertaken. One of the eastern 
railroads is conducting an investigation of this kind 
at the present time and it was felt that, inasmuch as 
the record of these tests will be laid before this com- 
mittee, it would be desirable to not undertake any 
additional tests until after.the results of the present 
tests have been studied. 

The tests so far contemplated are as follows: 

Weather—Roof of building. 
Sulphur gas—Inside Roundhouse. 
Weather and sulphur gas—In Signal Bridge. 
Electrolytic action and Sulphuric acid— 

Cinder fill—dry. 

Cinder fill—wet. 

Ashes—dry. 

Ashes—wet. 
Salt atmospheric—New ‘York Pier. 
Cracking of coating—Rattle test. 
Accelerated salt atmosphere—salt spray. 
Copper sulphate—A. T. & T. Co. Test. 
Accelerated corrosion—Humidity. 
Softening of coating—Baking oven. 


Respectfully submitted, 
J. L. Minick, Chairman. 
J. A. Andreucetti, 
GA Jy Causland; 
A. S.‘Schulman, 
A. L. Chapin. 
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Committee on Recommended Specifications for Car 
Wiring. 

The report of this committee as published in the Octo- 
ber issue of the Ratrpway ELEcTRICAL ENGINEER was 
then read by George B. Colegrove, chairman. D. J. 
Cartwright, of the Lehigh Valley, pointed out that these 
specifications should be followed not only by the rail- 
road companies in having new work done by the car 
builders but also by the railroad company in making its 
own repair work; etc. 

As to the recommendation for clearances, it was de- 
cided to omit paragraph 4, relative to battery box clear- 
ance and paragraph 10, relative to suspension clearance, 
and substitute the following under a general head of 
clearance 3 

“All equipment must conform to the clearance adopted 
by the American Railway Association’s diagram cover- 
ing standard limits of clearance line for third rail and 
rolling equipment. 


Ventilation. 


In discussing the matter of the ventilation of battery 
box, it was pointed out by Mr. Sloan of the Penn. R. R. 
and Mr. Pachlay of the Rock Island lines, that four vent 
holes 2 in. in diameter in the bottom of the battery box 
at the rear, in addition to the vent holes in the battery 
box handles, give proper ventilation and the specifications 
were changed to incorporate this feature. It was pointed 
out that with the vent holes front and rear, at about the 
same level, there would not be as good a ventilating 
effect, as with the holes located at the top and bottom of 
the box. 


Junction Box. 


Mr. Sloan objected to the recommendation of the com- 
mittee that a junction box be placed at every point where 
there is a reverse or double bend. After much discus- 
sion pro and con, it was pointed out by Secretary An- 
dreucetti that the recommendations of the committee 
were not of a definite nature to be followed literally by 
the members, if adopted, but were offered simply as a 
euide in making specifications. 


Battery Box Doors. 


In discussing the matter of mounting battery box 
doors, E. W. Jansen of the Illinois Central, pointed out 
that with battery box doors hinged at the bottom, they 
were frequently torn off en route when the latch be- 
came loose and cover fell to the roadbed. He suggested 
that a heavy wooden bar (1x4) be mounted across the 
front of the batteries to prevent them from falling out 
in the case the battery box door is lost. Mr. Pachaly 
pointed out that with batteries mounted on skids there 
was little or no danger of them working out of the bat- 
tery box and was possible where the batteries are 
mounted on rollers. 


Generator Leads. 


Mr. A. E. Voigt of the Santa Fe stated that the can- 
vas hose covering for generator leads, as recommended 
by the committee, was simply a nuisance as it soon filled 
up with dirt and, on account of the fibrous nature of the 
canvas, collected much more snow and ice in the winter 


time than a metal surface would. He suggested that the ~ 


cables be protected from flying ballast, snow, ice, etc., 
by some kind of a spiral metal cover. 

Mr. Pachaly of the Rock Island Lines, pointed out that 
they have thoroughly tried out a cable made up of three 
conductors finely stranded, covered with jute, and a 
weatherproof braid and outside of this a woven wire 
covering made up of fine strand galvanized steel wire, 
woven in a spiral basket weave. He stated that this gave 


perfect flexibility to the cable and at the same time pre-_ 
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sented a smooth steel surface, which did not collect snow 
or ice appreciably. 


Locker Ventilation. 


The original recommendation of the committee that the 
lockers be ventilated from entirely within the car, was 
changed after some discussion, to provide that it be ven- 
tilated by a roof type ventilator at the top and through 
holes in the bottom of the locker door below. 

Committee on Illumination. 


The report of the committee on illumination, as pub- 
lished in the October issue of the RatLway ELECTRICAL 
ENGINEER, was read by Mr. L. S. Billau. In discussing _ 
this report Preston S. Millar of the Electrical Testing 
Laboratories, strongly. endorsed the recommendation of 
the committee that this committee in the future serve to: 
keep in close touch with incandescent lamp develop- 
ments, in serving as a “Go-together”’ between the mem- 
bers of the Association and the lamp manufacturers in 
all matters pertaining to incandescent lamps. 

He pointed out an apparent error in the committee re- 
port in that it states that mazda lamps should be used 
exclusively, except where the greater ruggedness of the 
carbon and gem lamps is required. He stated that as a 
matter of fact, the modern mazda lamps are more rugged 
than the gem lamps. 

As to the use of the gas filled type lamps in small 
sizes below 100 watts, he stated that this was very bad 
practice in the present state of the art and called atten- 
tion to the fact that its introduction’ in this coun- 
try was first made by foreign manufactuers, more on a 
sales talking point than on the actual merit of the lamps. 
American manufacturers were then forced to introduce 
these small size gas filled lamps to meet the foreign com- 
petition. He stated that the gas filled mazdas in the 50 
and 60 watt sizes will have but about 10% better eff- 
ciency than the vacuum type lamps; but on the other 
hand, they will cost a great deal more, probably twice as 
much as the vacuum lamp. Economically there is no jus- 
tification for the expense of the gas filled mazda in sizes 
below 100 watts. He pointed out, however, that having 
its filament concentrated and extremely brilliant, the small 
gas filled mazda might have a certain novelty value and 
also the light from this lamp being whiter, might be an 
advantage, although this latter point was a mooted ques- 
tion. 

Mr. Rollinson, of the Westinghouse Lamp Co., stated 
that although type “C” mazdas for train lighting were 
not recommended by lamp manufacturers, several of the 
manufacturers were in a-position to put these on the 
market in as low as the 25 watt size for 32 and 60 volt 
circuits. He suggested that the illumination committee 
consult with the lamp manufacturers regarding the ship- 
ment of various sizes of gas filled lamps for train light- 
ing in order to eliminate a multiplicity of sizes. He 
called attention to the fact that the gas filled mazdas for 
train lighting require a somewhat smaller bulb size than 
has been used in vacuum lamps. He called attention to the 
fact that this would undoubtedly change the filament po- 
sition in the reflector materially. He stated that manu- 
facturers would be very pleased to receive an expression 
from the Association as to whether or not the type ‘‘C” 
mazda lamps were considered desirable for train lighting. 
He stated that some of the objections found in the gas 
filled mazda were the high intrinsic brilliancy of the 
lamp and the concentration of the filament. He stated 
that there is nothing about the gas filled mazda lamp in 
small sizes, which recommends it for train lighting in the 
present state of the development of the lamp. However, 
future developments of the small size lamps might en- 
tirely change the situation. ee 

Mr. D. J. Cartwright, of the Lehigh Valley, pointed out 
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that gas filled mazdas would probably find their best ap- 
plication in baggage and postal cars, where the G-30 bulb 
‘is now used and lamps are mounted in opaque reflectors. 
He suggested that lamp manufacturers confine themselves 
at present to the production of lamps which can be sub- 
stituted for the G-30, 40 or 50 watt lamp and have the 
length of the lamp neck such that the filament will center 
on its present central position and not require any change 
in the reflector position when the new lamps are installed. 


Ball Bearings for Car Lighting ‘Generators. 


In discussing the subject of grease suitable for ball 
bearings in car lighting service, Mr. Voigt stated that one 
type of grease known as “greoil” seemed to form a coat 
around the balls. He stated that the Santa Fe had also 
used S. K. F. ball bearing grease with satisfaction and 
lately have been using another grease known as “Viscosity 
BB.” He stated that it was uncertain at the present 
time, however, which grease would be selected for per- 
manent use. 

As to the length of time between greasings, he stated 
that as an experiment they installed several bearings with 
but barely sufficient grease as recommended by the manu- 
facturer and after 10 months’ operation the bearing was 
in perfect condition with some grease left. The Santa Fe 
makes a standard practice of opening bearings every six 
months, but usually it is found that the bearings do not 
require the addition of more grease, so they are now of 
the opinion that cars can be run 12 months without greas- 
ing or further attention. 

Secretary Andreucetti stated that it was a mistake to 
make a practice of letting ball bearings go the longest pos- 
sible time without attention. For in case a bearing does 
begin to run dry, it quickly. goes to pieces and no matter 
how well a bearings is packed there is always a pos- 
sibility of trouble from this source. He stated that the 
ball bearing was certainly entitled to at least a little at- 
tention once in six months. 

Mr. Pitts, of the Quebec Central, stated that 28 car 
lighting generators equipped with ball bearings have been 
operating for five years on that road and during all of 
this period only one bearing has given trouble. Vaseline 
is used as the lubricant and this is added hot so that it 
runs like oil and goes through the entire bearing, this 
being added with a funnel or a grease gun. Upon being 
asked as to the size of equipments, Mr. Pitts stated that 
the maximum capacity was 80 amperes at 24 volts, being 
the Stone type “D” equipment, the ball bearing of which 
being but 2% in. in diameter, is somewhat smaller than 
ASRABSE. standard. 

Mr. E. S. Macnab, of the Canadian Pacific, stated 
that they have had 25 car lighting generators equipped 
with ball bearings operating since 1909, and during this 
period of 6 years, only four ball bearings have been re- 
moved; in these cases of trouble the bearing simply ran 
out of grease due to neglect. He stated that in 1910, 
25 more ball bearing machines were installed and in 
1911, 100 more, etc., so that at the present time there 
are 380 ball bearing Stone generators in service, with 
but four ball bearing failures over a period of 6 years. 
He pointed out, however, that inasmuch as the Stone 
generator operated at considerably higher speed than 
most of the American equipments, its armature was 
much lighter, so a heavy ball bearing was not required. 


Car Lighting Abroad 


Mr. H. D. Rohman, Chief Engineer, of J. Stone & 
Co., London, gave a very interesting talk on some of 
his experiences in car lighting in foreign countries. He 
stated that about 10 years ago the South African rail- 
roads lighted their cars with a scheme similar to the 
American headend system, an oil engine being employed 
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and a train electrician accompanying each train on its 
journey. After a few of the oil engine cars burned up, 
the system was condemned by the railroad officials and 
the axle system was installed on each of the cars. At 
the time of its introduction, however, the railroad offi- 
cials in that country, as in nearly every other country, 
considered electric car lighting more as a necessary evil 
than an art which requires proper attention and mainte- 
nance. The inevitable result was that the equipments 
suffered fearfully.. This, however, was the cause of Mr. 
Rohman being sent to make a study of the operating con- 
ditions in Africa four years ago. 

Battery Troubles in Africa. 

Here he found numerous enemies to car lighting not 
found in other countries, of which the most serious 
one was that the dust on the road bed contained a 
large percent of iron. This dust, of course, found its 
way into the batteries, causing battery local action, 
discharging the battery continuously and at the same 
time destroying the plates. The quality of flushing . 
water used was another serious difficulty, as this con- 
tained much decayed vegetable and animal matter, 
with considerable ammonia which ruined the battery 
plates. The railroads, however, were finally convinced 
of the desirability of using distilled water and with the 
modern sealed battery jars, both of these troubles have 
now been largely eliminated. Another trouble, due to 
the iron dust, was that it collected seriously on the 
outside and bottom of the boxes and with dampness 
from without or from the electrolyte of the battery 
caused serious grounds. Mr. Rohman stated that to- 
day it is very rare that a car is ever reported to be 
without lights on the line from Capetown to Belgian 
Congo. 

Here Mr. Rohman discoursed on the wonders of 
the Zanbesi Falls located on this line. He stated that 
it was simply an awe-inspiring sight to see the mag- 
nificent river more than a mile wide, plunge into a 
narrow gorge 420 ft. below. The railroad bridge of 
this line crosses over the gorge 300 yards below the 
falls. 

He stated that standard 2 k.w. machines of 24 volts 
capacity are employed on each of the cars together 
with a battery capacity of 200 ampere hours. The lamp 
load of the African cars is considerably smaller than 
that of the American railroads and the character and 
size of the cars are not up to the American standard. 


Car Lighting in Roumania. 

He mentioned a very interesting car lighting test 
made in Roumania and part of the Balkan States, 
where until four years ago the straight storage system 
alone was employed, the batteries being charged at 
terminal depots. A series of comparative tests with 
axle generator equipments, however, proved that 
this type of equipment was far more desirable and 
somewhat cheaper than the straight storage car light- 
ing system under their operating conditions. The re- 
sult of this experimenting is that the Roumanian 
State Railroads have largely given up straight storage 
car lighting and gone to that of the axle generator 
system. Mr. Rohman stated that the voltage em- 
ployed for car lighting in Europe, Africa, China, Japan 
and India, as well as the Russian Railroads is 24 volts 
in all cases. He stated that with the extensive applica- 
cation of distilled water plants for providing pure bat- 
tery flushing water over the majority of the car light- 
ing division points in the Balkan States has greatly 
reduced battery troubles, so that today there are a 
large number of equipments on which the battery has 
seen more than four. years’ service and is apparently 
as good as new. 
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He stated that he attributed the wonderful success 
of the development of car lighting in these out of the 
way foreign lands to two main causes; first, the co- 
operation of the railroad officials in charge, and sec- 
ondly, to the personal attention by representatives of 
the car lighting manufacturers, who have sent practi- 
cal men into these countries to make a special study 
of the local conditions and overcome the difficulties 
peculiar to each location. 

He stated, however, that unquestionably, car light- 
ing in the United States is far superior to that in any 
other country. He mentioned the fact that during the 
eight months of his visit in this country he had never 
seen a dark car, this speaking volumes for the main- 
tenance men and also for the equipment. 

Car Wiring. 

As to the methods of car wiring abroad, Mr. Roh- 
man stated that for the most part lead-covered cables 
are laid on top of the roof with the junction boxes 
where the leads go down to the fittings. All under- 
frame wiring, with the exception of Holland, is done in 
lead cable, but in England, simply ordinary fireproof 
cable is employed; in Holland all car wiring is placed 
in conduit. In reply to a question as to whether pasted 
or plante type plates were most extensively used, Mr. 
Rohman stated that the pasted type plate has given 
wonderful service in India and Africa, even where 
high temperatures prevailed. This type of battery is 
extensively used abroad. 

Belting. 

As to the type of belt employed, Mr. Rohman stated 
that usually 3 in. 4 ply, canvas belt is used; in some 
cases this being copper riveted, and in other cases be- 
ing steel stitched. Mr. E. S. Macnab, of the Canadian 
Pacific, asked if anywhere in the world conditions 
were experienced as severe as those of Canada, where 
the temperature varies from 40 deg. below zero in the 
winter time, up to 100 deg. in the shade in the summer. 
Mr. Macnab called attention to the fact that these 
conditions tend to cause belt freezing and slipping, as 
well as battery freezing in the winter time, while on 
the other hand, excessive hot weather conditions must 
be encountered in the summer time, which are bad for 
batteries as well as belting and insulation. Mr. Roh- 
man pointed out that in the Balkan States, particularly 
in Roumania and Bulgaria, conditions equally severe 
to those of Canada are experienced. Some troubles 
were experienced here due to lack of belt clearance, 
but the officials here were induced to offset the brake 
beam and since doing this, as well as removing cer- 
tain steam traps near the generator, no further difficul- 
ties along this line have been experienced. 

Ball Bearings. 

As to the use of ball bearings abroad, Mr. Rohman 
stated that they had been used most extensively during 
the past 4 or 5 years and during the past 4 years no 
trouble whatever has been experienced. He pointed 
out that the question of grease is a very important one, 
it being desirable to select a grease of a high melting 
point as well as having other desirable characteristics. 

Mr. Wray, of the RAmway ELECTRICAL ENGINEER, 
inquired as to whether or not it has been found neces- 
sary to employ two different grades of grease, one for 
winter operation and the other for summer operation. 
He stated that in many of the American generators par- 
ticularly those opened in the early spring, he had noted 
a large cake of unused grease remaining in the grease 
chamber, this having taken no part in the lubrication of 
the bearing because of the fact that it was frozen solid. 
He asked if it would not be advisable to add a spoonful 
of oil to ball bearings in the fall or warm them up occa- 
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sionally with a steam hose in cold weather in order to 
work the grease into the bearing. 

Mr. Rohman stated that this had not been found nec- 
essary to his knowledge on the Stone generators on ac- 
count of the fact that the heat of the generator, even in 
cold weather, was sufficient to warm the grease to a vis- 
cous point. He pointed out that it would be very good 
practice to grease the ball bearings once every 3 or 4 
months, but to remove the bearing for cleaning only once 
in 12 months. He pointed out that it was extremely 
dangerous to remove the bearing plate for inspection on 
account of the liability of dust being blown into the bear- 
ing, this causing the balls and races to become pitted. 


Committee on Compressed Air ‘Generation. 


The report of this committee, as pulished in the Oc- 
tober issue of the RatLwAy ELECTRICAL ENGINEER, was 
then read by Mr. E. Wanamaker, elec. engr. of the Rock 
Island Lines, chairman. In discussing this report Mr. 
Wanamaker stated that the committee had considered 
the advisability of using the variable stroke compressor 
in preference to other unloading devices, but on account 
of the increased maintenance required, thought it inad- 
visable to recommend this type of equipment. Mr. Gar- 
dener of the C.B.&Q.R.R., stated that it was very 
common practice to install but one air compressor unit 
in a shop, whereas there are nearly always two and 
sometimes three duplicate electrical generating units 
provided. He stated that it would be only wise engi- 
neering practice to provide duplicate compressor units 
located at opposite ends of the main pipe line so as to 
balance the load and each one serve as an auxiliary to 
the other, 

Mr. Wanamaker pointed out that he personally had 
spent five months investigating the problem as _ to 
whether the centralized air compressor plant with air 
pipe feeder lines is more economical than numerous mo- 
tor driven compressor units scattered about the shop. 
The result of this investigation was that neither system 
showed any great advantage over the other. He pointed 
out that very frequently poor maintenance of the com- 
pressor is the cause of high steam consumption by these 
units, this being due to worn valves, ete. It was very 
seldom that any leaks occurred in the main distributing 
line after this has been once properly installed, but that 
a large amount of leakage occurs in the small pipe 
lines leading off the main distributing lines. 


Electric Furnaces in Railroad Shops. 


S. F. Sikes, ch. elec. of the Sunset Central Lines, de- 
scribed some oil burning furnaces for tempering tool 
steel installed on that road, in which the capacity of the 
old coke furnaces had been quadrupled and far better 
results were obtained. 

Mr. McKelvey stated that a pyrometer had been used 
with excellent results in oil blast furnace work, although 
for the finer grades of tool steel the electric furnace 
alone was employed. He stated that there are several 
advantages in using the electric furnace over the oil or 
coal furnaces; first, that with the electric furnace, with 
pyrometer, it made it possible to very accurately con- 
trol the degree of heating so that there is no danger of 
burning or spoiling the tools. Moreover the furnace is 
kept entirely closed so that oxidization of the metal is 
prevented. By applying the heat uniformly on all sizes 
in an electric furnace the heating of the steel is much 
more uniform and better results obtained. Furthermore, 
several pieces can be heating at the same time without 
air burning the outer pieces of steel. In some cases 
where preheating of the steel is required, this can be 
done at a very slow rate up to 1,200 or 1,800 deg. F. 
with an electric furnace, whereas, it is not possible with 
the other types of furnaces. 
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In reply to a question as to the cost of electric furn- 
naces, Mr. Wilson, of the Union Pacific, stated that 
electric furnaces are of two classes, the one for high 
speed tools being a high temperature furnace, and the 
other for carbon steel tools being designed for operation 
at a lower temperature. He stated that the Union Pa- 
cific have recently installed one of each type and the 
total cost amounted to about $1,100.00. 


Election of Officers of A. R. E. E. 


The annual election of officers of the A. R. E. E. re- 
sulted as follows: 


President, E. W. Jansen, elec. engr. Illinois. Central 
RAK 


1st Vice-president, C. J. Causland, ch. elec., Penn. 
R. R. Lines West. 
2nd Vice-president, J. E. Gardner, elec. engr., C. B. 


ae Aa 

Secretary-treasurer, J. A. Andreucetti, 
NWR: 

New members of Executive Committee—FE. Wana- 
ieee ener, © Ri 1 & P’R. R.; E. S: Macnab, 
engr. elec. car lighting, Can. Pac. Ry. 


gen. tore Ca 
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Place of Meeting Next Year. 

It was decided that the semi-annual meeting would he 
held at the same time and place as the June meeting of 
the Master Mechanics’ and Master Car Builders’ Asso- 
ciations and that the annual meeting of the Association 
be held in Chicago, the date to be selected by the execu- 
tive committee. 

Election of Officers of the R. E. S. M. A. 

At the annual meeting of the Ry. Elec. Supply Mfers. 
Assn. the following officers were elected to serve for the 
ensuing year: 

President, T. L. Mount, Consolidated Ry. Elec. Ltg. 
& Equip. Co. 

Senior vice-president, 
Co. 

Junior vice-president, Azel Ames, Kerite Ins. Wire & 
Cable Co. 

Secretary, J. Scribner, General Electric Co. 

Treasurer, Edward Wray. 

Members of the Executive Committee—W. F. Bauer, 
Edison Storage Battery Co.; R. M. Newbold, Willard 
Storage Battery Co.; J. H. Rodger, Safety Car Htg. & 
Lies Cor 


Iexhhibits at the 


FEF. F. Skeel, Crouse-Hinds 


A. R. E. KE. Convention 


Oct. 18-22, Chicago 


ALBERT & J. M. Anperson Company had on exhibit a complete 
line of charging plugs and receptacles for coach yards, coach 
mounting and switchboard mounting. They also exhibited a 
time switch having a variable capacity of from 5 to 200 amperes 
for controlling the lights in small stations where an agent is not 
maintained at night. The time switch automatically switches 
on the lights a few minutes before the arrival of each train 
and turns them off shortly after its departure. 

_Mr. W. W. Hincher represented the company at the conven- 
tion. 

AMERICAN PuLtEy Company exhibited a new pressed _ steel 
armature pulley made up in the form of standard American 
pulleys, the rim being composed of two pressed steel parts riveted 
to the flange. 

They also showed their tapered axle bushing and split, pressed 
steel axle pulley with both the straight and flare flanges, the 
latter being for use in connection with the body hung genera- 
tors. 

Mr. John Forrest and C. P. Englehart represented the com- 
pany at the convention. 

ApvAMs & WESTLAKE CoMPANY’s exhibit of lamps were mounted 


on a display board arranged in the shape of the side and ceiling 


of a car, as has been their custom for some years in the past, 
so that all units are mounted in a position similar to that which 
they occupy in actual service. 

Among the new things which were shown this year, were 
several types of unity fixtures. These are cast in one piece so 
that there is no chance of loose parts interfering with its opera- 
tion. Roundhouse lighting fixtures were also shown, as well 
as thei. regular display of half-deck lamps, recessed, vestibule 
reflectors and a large variety of berth lamps. 

The company was represented by Messrs. A. S. 

C. B. Carson, W. J. Piersen and J. F. Stender. 

BENJAMIN Evectric MANUFACTURING Co. Three large panels 
of Benjamin lighting specialties gave a general idea of ‘the large 
variety of equipment that this company makes for the railway 
field. On one board was shown a complete line of sockets; an- 
other exhibited a variety of porcelain receptacles and some of 
their gas and vapor proof specialties; on the third, there latest 
styles in suspension fittings were to be seen. 

Several new fixtures for mazda “C”’ lamps were on exhibit 
for the first time this year. These were both of the deep and 
shallow bowl type and constructed of drawn steel. 

A complete line of reflectors with “S” type holders was shown. 
These can be used with “Benco” sockets and outlet box re- 
ceptacles and covers, the complete line being interchangeable. 
A new fitting was exhibted which adapts any of the “condulets” 
to the complete line of Benjamin fittings with the type “S” 
holders. 


Anderson, 


The company representatives were Messrs. H. E. Watson, 


G. B. Weber and A. E. Lubeck. 


CENTRAL Erectric Company exhibited a complete line of their 
Okonite wire. The exhibit room was illuminated with an Alexo- 
lite unit and special attention was called to the good general 
illumination that this provided. Several units of Berylite. glass- 
ware were shown and four types of Maxolyte lighting units. 
Other of their products on exhibit were a variety of sizes of 
D. & W. fuses and Ralco plugs and receptacles. 

The company was represented at the convention by Messrs. 
J. M. Lorenz, E. C. Wilson, D. Woodhead, R. N. Baker, A. L. 
McNeil and L. G. Martin Okonite Co. 


CoNSOLIDATED RairwAy Exectrric Licgntinc & Eourp. Co. ex- 
hibited one of their 2-kw., 40-volt, 50-ampere, interpole, ball 
bearing generators, which was equipped with an improved type 
of pole changer. A type “L-3” generator regulator with ampere- 
hour meter control was mounted for inspection and their type 
“L” lamp regulator was also exhibited. 

Messrs. T. L. Mount and W. R. Hungerford were the com- 
pany’s representatives. 


CrousE-Hinps Company had on exhibit for the first time this 
year their new motor starting switches for induction motors. 
They showed a complete line of their railroad condulets, includ- 
ing those for mail cars, coaches, baggage cars and yard charging 
installations, as well as a large number of their products which 
are suitable for general industry purposes. On panel boards 
condulets for car lighting work and building installations were 
shown. Several round house lighting reflectors and marine 
fixtures were also displayed. 

Messrs. F. F. Skeel, W. Fagan, C. Dubsky, E. C. Otto, A. F. 
Hills, M. J. Kiefer and C. H. Bissell were the company’s rep- 
resentatives. 


GEORGE CUTTER CoMPANY exhibited several types of their street 
lighting fixtures and their industrial lighting reflectors which go 
under the name of Sol-Lux. The McWilliams metering panel 
board models which were shown are used for changing meter 
circuits in large office buildings without the necessity of chang- 
ing the wiring. 

The company was represented by Messrs. O. B. Duncan and 
Hy bear, 

Daruinc-Henrict Mrc. Company exhibited this year for the 
first time at this convention. They had on exhibit a complete 
incandescent locomotive headlight equipment, mounted so as to 
show the constructional details. They make these equipments 
in the 250, 350 and 500 watt sizes for either 614 or 32 volts. 
The one kw. size is designed for either 32 -or for 110 volts. 

Messrs. L. A. Darling and M. S. Jordon represented the com- 


pany. 
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Epison SroraGE Batrrery ComMPaNy in their rooms exhibited 
a large number of their nickel iron cells mounted on pedestals. 
Each of these cells had different portions cut away so as to 
* show all of the structural details. A new feature, a new type 
of button suspension trays was on exhibit this year, knobs are 
welded onto the sides of the cells and these rest in rubber but- 
tons which are built in the tray. In this way electrolysis is pre- 
vented even if the tray and cell should become unduly moist. 

A panel board with the component parts of the Edison cell 
showed the method of building up each separate unit. 

The company representatives were Messrs. H. G. Thompson, 
W. F. Bauer, F. V. McGinness and C. A. Luckey. 

Exvectric STorAGE Batrery Company exhibited their new con- 
densed car lighting switchboard in which the contactor is com- 
bined with the automatic switch. A new type of suspension 
bearing saddle, which was exhibited, is a big improvement over 
the former suspension. This rests on top of the suspension 
bar and is held in place by four vertical bolts which pass 
through a plate on the under side of the bar. 

Messrs. J. L. Woodbridge, H. E. Hunt, G. H. Atkin, O. R. 
Shortall, T. Milton and H. M. Beck were the company’s repre- 
sentatives. 

FRANKLIN RAILwAy Suppty Company, who were at the con- 
vention for the first time this year are introducing the American- 
made Stone car lighting equipment. This has found extensive 
use in most of the countries of the world except the United 
Hodes and this is the beginning of their campaign to introduce 
it here. 

Representatives of the company were W. H. Coyle, H. D. 
Rohman, R. G. Coburn, C. W. F. Coffin and Joseph Sinkler. 

GouLp CouPLeR AND GouLD STorRAGE BATTERY COMPANIES ex- 
hibited their standard simplex regulator panel consisting of both 
generator regulator and lamp regulator. They also had on ex- 
hibit of a 1 kw. generator which was partly dismantled. In ad- 
dition to this were shown numerous generator parts and a spe- 
cially mounted pole changer, which clearly showed the opera- 
tion of this unique device. One of the Gould stoneware jars 
was also shown. The latter was accompanied by several new 
type wooden jar separators which provided that all pressure or 
stress of one jar on another would be transmitted by means 
of the separator only at the front or back end or opposite 
the center web, where the crushing strength of the jar is ex- 
tremely great. 

The company was represented by Messrs. G. R. Berger, M. R. 
Shedd, and J. W. Jepsom. 

GENERAL Erecrric Company had on exhibition types of their 
starting compensator, Novalux lighting fixtures, and a cable 
testing outfit. A steam flow meter also excited considerable 
comment. They exhibited samples of their fabroid gears which 
are made up of fabric which has been soaked in oil. They 
are claimed to be very rugged and silent running. 

. _ The company’s representatives were Messrs. B. F. Bilsland, 

J. Scribner, C. S. McCune and E. H. Bailey. 

Hart & HecemMan MANuFAcTURING ComPANy. On two panel 
boards exhibited a variety of different types of railway snap 
and push button switches, as well as indicating switches, which 
show when the circuit is being used. These have application for 
small power and heating circuits. The second panel board 
showed a variety of Paiste pipe taplets. A large variety of 
conduit fittings in both large and small sizes were also shown. 

The company’s representatives were W. W. Winship, H. L. 
Everest, Jr. and F.C. ‘Church. 

Harter MANUFACTURING CompANy had an exhibit of light- 
ing fixtures with the characteristic Harter individuality. Their 
room was one of the brightest spots on the floor, due to one of 
their DeLuxlites, a new all-white, self-reflecting fixture which 
they installed. Another feature was the new hinged Nitrolite. 


These, together with the sign,—get it ?—their Railroad Folder, 


the Harter Line train crew and other original stunts did not 
disappoint those who look every year for something out of the 
ordinary from Harter. 

The train crew were composed of Gus Harter, Bill Soffe and 
“Doc.” Ayers. 

KeriteE INSULATED Wire & CasLE Company kept open house 
in their reception booth, and their company was represented by 
Messrs. B. L. Winchell, Jr.. Major Azel Ames, P. W. Miller, 
G. A. Graber, W. H. Fenley and J. A. Hamilton. 

KrANTz MANUFACTURING COMPANY, exhibiting at this conven- 
tion for the first time, showed an interesting line of their brush 
type switchboards. A large switchboard panel had mounted on 
it several units of this type of switch. These are recommended 
especially for high tension work in that the switchboard pres- 
ents a dead front and uniform handles are placed in uniform 
positions. Two types of panel boards were shown, one with 
an emergency relay that throws the circuit from one source of 
power to another in case of failure of the first, or gives both 
audible and visible signals, as may be desired. One of their 
safety panel boards for car lighting was shown. Panel boards 
with mounted knife switches, connectors, laminated studs, nuts, 
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washers and switchboard fittings exhibited their products, which 
are of interest in this field. Special attention was called to a 
600-volt safety car lighting switch. 

Mr. I. A. Bennett represented the company at the convention. 

Murua Etectric Company had an interesting exhibit of their 
storm wave motion fans. By means of an irregular gear the 
fan is caused to oscillate up and down and the resultant gyro- 
scopic action causes the fan to oscillate side ways, causing the 
air currents to be sent in a great variety of directions with no 
regular sequence. This motion can be limited or adjusted and 
units are made which are suitable for dining car, Pullman and 
other classes of train service. 

Mr. Paul E. Ellguth represented the company. 

NationaAL Lamp Works, by means of an automatic stereop- 
ticon machine showed a large number of views of industrial 
installations of mazda lamps and several unusual lighting in- 
stallations such as flood lighting of tennis courts, picture studio 
lighting, as well as views of the home office and development 
laboratories. 

On a rack was shown a complete line of train lighting lamps, 
locomotive headlight lamps and a variety of gas filled lamps. 

The representatives of the company were Messrs. C. 
Bender, A. M. Klingman and L. C. Kent. 

NationaL Metat Mortprinc Company exhibited several display 
boards showing a complete line of their products. On one dis- 
play board a typical installation was represented which called 
for the use of a large number of fittings of this line of ma- 
terials. It was used to illustrate the flexibility and ease of in- 
stallation of this material. ; 

On other display racks were shown National outlet boxes, 
enamel conduit, Sherarduct, Economy conduit, flexible steel 
conduit, flexible tube and a complete line of fittings for same. 

The company was represented by Messrs. H. C. Moran and 
I. A. Bennett. 

ONEIDA STEEL PULLEY CoMPANY exhibited their new clearing 
flange axle pulley for use in connection with body hung gen- 
erators, the angle of flare being such as to permit a considerable 
variation in the angle of drive without cutting the edge of the 
belt. 

They also showed their standard axle pulleys and corrugated 
bushings for fitting tapered axles. Mr. N. G. Stark represented 
the company. 

Pyte NationAt Evectrric HEADLIGHT Company had an exhibit 
of both their type ““K” 300 watt incandescent headlight and 
their type “E” 1,500 watt standard arc equipment. There were 
numerous novel features about the former which were of in- 
terest and various dismantled parts were shown in explaining 
its operation. The rotor wheel buckets are so designed that the 
path of the steam instead of being in a plane perpendicular 
to the shaft is in a plane parallel to it. A quadruple expansion 
nozzle is provided which forces the steam to pass through the 
rotating buckets four times and a marked economy in steam 
consumption is effected. 

The company representatives were Messrs. W. Miller, J. W. 
Johnson, C. P. McGinness, J. E. Kilker and W. T. Brother- 
ton. 

RAILWAY ELECTRICAL ENGINEER, as usual, was located at the 
Convention Headquarters, and were represented by Messrs. 
Edward Wray, C. D. Sperry and Miss Estelle Pearce. 

Sarety Car Heatine & LicutTiInc Company exhibited one of 
their new under-frame generators having parts cut away so as 
to show the generator construction. They also showed their 
standard generator and lamp regulator panels and a few car 
lighting fixtures, both of the direct and semi-direct type. 

The company was represented by Messrs. A. C. Moore, G. 
Hulse, W. I. Thompson, C. A. Pinyard, J. L. Marsh and J. A. 
Rodger. 

SANGAMo ELEcTRIC CoMPANY showed a complete line of their 
ampere-hour meters for all classes of train lighting service. 
Alternating and direct current watt-hour meters for industrial 
installations were also shown, both of the service and switch- 
board types. An unassembled meter showed the constructional 
features. A graphic ampere-hour meter was also on exhibit. 

The representatives of the company were M. C. Southwick, 
J. T. Hartley and C. H. Koehler. 

SCHROEDER HEADLIGHT CoMPANY made their first exhibit at 
this convention. They had on exhibit both a 6 and 32-volt 
equipment with cover removed so as to show the constructional 
details and to give an idea of the principle of operation. The 
points which the company emphasizes about this equipment are 
the simplicity and accessibility of the mechanism and the rug- 
gedness of construction. Ball bearings are used throughout 
and a square thread extending along the shaft on either side 
of the bearing is used as the grease retainer and serves to force 
grease to the bearing. 

Messrs. J. H. Schroeder and E. H. Werzner were the com- 
pany’s representatives. 

STANDARD UNDERGROUND CABLE CoMPANY exhibited a full line 
of elastic wires and cables in various forms of insulation and 
finish. They also exhibited a line of copper clad wire and some 
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cable accessories, such as high tension terminals, pot heads, 
junction boxes, etc. 

The company was represented by Messrs. E. G. Pietzcker, 
W. M. Rogers, H. K. Weld and E. F. Norton. 

U. S. Licht & Hear Corporation exhibited three different 
sizes of car lighting generators, the type “A,” 1 kw.; the type 
“B,” 2% kw., and type “C,” 4 kw. One of these was equipped 
with a flangeless armature pulley but stationary belt guides 
were provided to keep the belt in proper position. This pulley 
instead of having standard perforations had numerous grooves 
cut into the pulley face in order to allow for the escape of air 
and thus provide good belt adhesion. 

A new parallel link type suspension was shown which was 
equipped at all wearing points with replacable shafts and bush- 
ings so that no wear whatever could come directly on the 
suspension itself. On a large panel board were mounted vari- 
ous parts to show construction, some of these had sections cut 
away which illustrated the operation of the equipment. 

The Bakelite mounted commutator was shown in sections and 
partly dismantled. A new lamp regulator panel was exhibited 
and some of the novel features about this were roller bearing 
and contacts of the lever on carbon pile, and air dash pot with 
Bakelite rings and Bakelite piston, the latter having a ball and 
socket. The Bakelite composition for this dash pot is made up 
with a liberal quantity of graphite in its composition so that 
the resultant product has nearly the strength of pure Bakelite 
and the non-friction qualities of graphite. 

The U. S. L. bearing mounting and lock plate were also ex- 
hibited separately. This rigidly mounts the inner race of the 
bearing on the shaft and the nutlock locks the shaft lock-nut 
and tapered bushing rigidly together. Another interesting part 
of the exhibit was a collection of the parts necessary to con- 
vert an old generator of the sleeve bearing type into one of the 
ball bearing type. A new type of car lighting battery was also 
on exhibit which is made up considerably less in height than 
standard. This battery was made up of 11 plates 6x14 in., with 


Progress om th 
tlhe Chicago 
: St. Paul 


Construction work on the electrification of the west- 
ern lines of the Chicago, Milwaukee & St. Paul Rail- 
way has been prosecuted most actively since the initial 
order for equipment was placed with the General Elec- 
tric Company in September of 1914. In view of the 
magnitude of this project, the progress made to date 
has been remarkable. 

The overhead construction, which will include 650 
miles of single track, has been.completed for a distance 
of more than 200 miles. The 100,000 volt transmission 
line being erected by the railway company to parallel 


Fig. 1. A Close Side View of the Locomotive Running Gear. 
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a 14-in. horizontal dimension. The over all length was 32 in. 
for a double compartment tank of 350 ampere-hour capacity 
and the over all height is 15 in. 

Another special car lighting battery was on exhibit. This 
consisted of a 7 plate cell of 175 ampere-hour capacity made 
up as 4 cells per tray, the over all dimensions of the tray being 
the same as the standard battery. 

The representatives of the company at the convention were 
as follows: Messrs. A. J. Matthews, C. C. Bradford, A. W. 
Donop and John Rodell. 

WESTERN ELectric CompANY had among their new exhibits 
a newly developed train announcer for calling trains in the 
station, which is claimed to be unusually clear and especially 
suitable for this class of work. Mazda “C” lamps in sizes from 
100 to 2,000 watts were also exhibited. 

Marshmallows toasted while you wait were served from a 
toy electric range. 

The company was represented by Messrs. G. H. Porter, J. 
C. Binning, T. J. Rider and B. W. Greene. 

WESTINGHOUSE Lamp CompANy had no exhibit but made a 
reception room of their headquarters. 

Representatives of the company were W. H. Rollinson, A. N. 
Brown and J. G. Harvey. 

WILLARD STORAGE BATTERY CoMPANY exhibited several types 
of their no wash battery. To show the constructional features, 
a %4 section of one battery had been cut away exposing a hori- 
zontal cross section of the plates. A small pilot lamp con- 
cealed from the eye eliminated this surface and a magnifying 
glass mounted above it, made it easy to see how the plates 
were formed. Lead sealed covers for these batteries were also 
shown and by means of two special tools for demonstrating 
that these covers could be removed in less time than a rubber 
cover can be removed. 

The company’s representatives at the convention were W. E. 
Ballantine, R. M. Newbold, E. L. Meyers, L. Sears and Miss 
McAnallen. 
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the electrified tracks has been completed for an equal 
distance, and tie-in lines from the 100,000 volt system 
of the Montana Power Company are ready for service. 
The trackage now ready for train operation includes 
extensive yards and sidings at Three Forks, Deer 
Lodge and Piedmont and passing tracks at other 
points. The rail bonding crews have followed the over- 
head construction gangs completing the ground cir- 
cuits. 

Illustrations show the general appearance of the new 
type of trolley construction and transmission lines. It 
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will be noted that wood-pole construction is used 
throughout both for cross span and bracket construc- 
tion. The twin 4/0 trolley wires are suspended indi- 
vidually and separately from the same steel catenary 
and the hangers of one trolley wire are located at 
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These sets are in general similar to the five 1,000 
kw., 2,400 volt units in operation on the Butte, Ana- 
conda & Pacific Railway except as regards voltage and 
capacity. One new feature, however, has been added 
which deserves mention. This consists of a longitudi- 
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Fig. 2. 


points mid-span on the other. In the switching yards 


only one trolley wire is used. 
Substations. 


Seven substations designed to supply power to the 
first half of the 440 miles of route have been completed 
and electrical equipment is being rapidly installed. 
Complete shipments of transformers, motor-generator 
sets, switchboards and other accessories have been 
made by the General Electric Company, Schenectady, 
N. Y., U. S. A., for the stations first erected, and the 
equipment of four substations is practically ready for 
operation. Construction cews are proceeding with the 
erection of the remaining seven substations shown on 
the profile between Deer Lodge, Montana, and Avery, 
Idaho. 

Table of Substation Equipment. 


: Motor Generator Sets. Transformers. 

Sub. ee No. Size Total. Sizes. Total. 
Name. Avery. Umits. KW. TRS VV Ea ESS Veni As ESS eV eR 
Two Dot.... 425.6 2 2,000 4,000 2,500 5,000 
Sumit es 392 2 2,000 4,000 2,500 5,000 
Josephine... 361.8) > 232,000 ALOU G 2. 50D an 000. 
Mases.1.. 2.1 331.8 © 2 922,000. ~ et 000 meee Oo 00L9 000 
Predmont.... 289.1 "3 "gO" TF ee OU, 00 
Jane ys 212 261.7.,.3. se b00s 0G ie OO sey 2 00) 
Morel....:....- 228.3 2. 2.000 — 4.000 27500; 5,000 
Gold Creek -192.7 . 2° + 2,000) (4.00059) 250025 000 
Ravyeisns” 160 2 2,000 . 4,000 2,500 5,000 
Primrose..... 122.2 “2:52.000.. 4/000 gee 00 000 
Parkas). 85.6 2 2,000 4,000 2,500 5,000 
Drexel.......... AT. 2°" 2,000) . 4,000" 2 S00 R000 
Hast} Portal -23:.7>. 3 © 2,000" 6000 9 (27500 sae 7.500 
tCison se. 3.6 9-3) 1,500 45005) 1900 aaa 00 
o2 59,500 74,600 


Motor-Generator Sets. 

Each of the motor-generator sets consists of a 60 
cycle, 3 phase, 2,800 volt synchronous motor direct 
connected to two 1,500 volt direct current generators. 
The generators are connected permanently in series to 
supply 3,000 volts to the trolley. Each set is also pro- 
vided with an exciter at each end, one providing ex- 
citation for the revolving field of the motor and the 
other supplying the separately excited fields of the 
d-c machines. 


ed ee 
sin i ae »} 


| 


“C.M.& S? P. 
10200: 


First of the 42 280-Ton, 3,000-Volt Direct-Current Locomotives on the Test Tracks of the General Electric Co. at Erie, Pa., Works. 


nal ventilation of the core and field coils similar to that 
employed in the well-known GE ventilated railway 
motor. The use of this method of cooling has effected 
a considerable reduction in the floor space required per 
kilowatt. 

The d-c. generators are equipped with commutating 
poles and compensated pole face windings to insure 
sparkless commutation under heavy overloads. This 
overload capacity is 150 per cent normal load for 2 
hours and 300 per cent normal load for periods of five 
minutes. This will provide ample margin for starting 


Fig. 3. Type of High Voltage Switchboard Which Will be Used in 


the Different Sub-Stations. 


a train of maximum tonnage on the most difficul: 
grades. 

It is interesting to note in connection with these sub- 
stations that the motor-generator sets are designed to 
operate inverted in case the regenerated power exceeds 
that required by other trains operating nearby. For 
this reason, there is no necessity for water boxes or 
other energy consuming devices, since the excess ener- 
gy is transmitted to the 100,000 volt system. 

Switchboards. 

The main direct current switchboard in each station 
is of special interest, since it represents the latest prac. 
tice in high voltage direct current switching apparatus. 
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A panel is provided for each set and two panels are 
provided for feeders in each direction. 

The circuit breakers and switches are mounted on 
separate panels located above and a short distance 
back of the main panels, similar in general to those 
now operating in the Butte, Anaconda & Pacific sub- 
stations. The control handles for operating the break- 
ers and switches are located on the main panels and 
are connected to the circuit breaker panels through 
insulated wooden rods. 

In addition to the special high voltage d-c panels, 
switchboards are also being furnished for the synchro- 


Fig. 5. Radiator Type 100,000 Volt 1,900 k.v.a. Transformers for 


Stepping Down the High Tension Supply Power. 


nous motors and auxiliary circuits. Oil switches and 
other standard 100,000 volt equipment are also being 
installed for the high tension circuits. 


Transformers. 


The transformers, which are under construction in the 
Pittsfield Works of the General Electric Company, are 
an example of the most recent design and construction. 
There are a total of thirty-two of these units which 
are to be used for stepping down the power supply 


A 2,000 k.w. 3,000 Volt d.c. Motor Generator Set. 


from the 100,000 volt transmission line to 2,300 volts 
as required for the synchronous motor-generator sets. 
These transformers will be installed in fourteen sub- 
stations, which will furnish power for the entire elec- 
trification from Harlowton, Montana, to Avery, Idaho. 
There are twenty-three 2,500 kv-a. and nine 1,900 kv-a 
units located as shown in the accompanying table. 
These transformers are all of the 3 phase core type 


Fig. 6. Sub-Station at Two Dot, Located at the Extreme Eastern 


End of the Electrification. 


with a ratio of voltages of 102,000 to 2,300. For regu- 
lating purposes taps are provided for 97,200 volts and 
94,200 volts. Taps are also brought out on the sec- 
ondary windings to give 1,150 volts or half voltage for 
starting the motor-generator sets. 


The transformers are oil cooled and the tanks are 
of the tubular type, the main body consisting of steel 
plate with tubes welded to the side of the tank at the 
top and bottom giving absolutely oil-tight joints. An 
air dryer and breather is attached to the tank so that 
all interchange of air between the interior of the tank 
and the outside must take place through this channel. 
This dryer is provided with chambers containing a 
moisture extracting medium thereby preventing ‘the 
entrance of moisture to the tank. 


The bushings furnished with these transformers are 
weatherproof and as all joints are tight, they are suit- 
able for outdoor as well as indoor operation. At the 
top of the high tension oil filled leads is a glass cup 
which shows the height of oil in the leads. Accesso- 
ries consisting of thermometer, oil gauge and drain 
valve are also provided. Each transformer is mounted 
on flat wheels to facilitate movement for making re- 
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Fig. 7. Single Track Curve Showing the Overhead Line Construc- 
tion. Construction Crew is Bonding the Running Rails. 


pairs and a lifting device is furnished for removing the 
transformer core. 
Auxiliary Transformers. 


In addition to the main transformer equipment, each 
substation will be furnished with a standard 10 kw., 
3 phase transformer stepping down from 2,300 to 110 
volts for lighting and auxiliary power circuits. 

For operating the railway signal circuits, a standard 
25 kw., single phase transformer is being installed in 
each substation stepping up from 2,300 to 4,400 volts. 
A portable oil drying outfit will be used for removing 
moisture from the transformer oil. This outfit consists 
of a motor-driven pump which forces the oil through 
an especially designed filter and the electric drying 
oven for drying the filter paper. A portable trans- 
former dryer and an oil testing set will also be sup- 
lied. 

For housing the families of the substation operators, 
a four-room and five-room bungalow is being con- 
structed at each station and these will be furnished 
with light and power from the low voltage auxiliary 
circuits. 

Locomotives. 

Work on the construction of the forty-two 282-ton 

locomotives for this electrification is progressing rap- 
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idly at the Erie Works of the General Electric Com- 
pany and in the Schenectady plant of the American 
Locomotive Company. The first complete locomotive 
was placed on the test tracks early in September and 
shipment was made as scheduled on September 25th. 
This locomotive has been taken in charge by the rail- 
way company at Chicago and is now being exhibited 
at various points on the Chicago, Milwaukee & St. 
Paul system under the direction of Mr. C. A. Goodnow, 
assistant to the president. A complete set of tests in- 
dicate that the locomotive will easily exceed the ex- 
pectations of the designers. 

The actual weights of the completed freight unit are 
as follows: 


Total (2.4; 2) 12 Seen eae 564,000 Ib. 
Weight on Driverseeegr sete 448,000 Ib. 
Weight per Drivingeaxte.. 22... om 56,000 Ib. 
Weight per. Guiding fale 20) 2.23 29,000 Ib. 


Twelve of the locomotives on order are geared for 
passenger service and the remaining thirty are geared 


Fig. 9. One of the 430 h.p. 3,000 Volt Motors Used for Driving the 


Lecomotives. 


for freight service. Both freight and passenger types 
are equipped for regenerative braking, this apparatus 
being under control of the engineer. All of the pas- 
senger locomotives and several of the freight locomo- 
tives will be equipped with oil fired steam boilers for 
heating the passenger trains. This equipment will in- 
clude ample storage tanks for oil and water. 

The locomotive which is just being delivered and 
was recently exhibited in Chicago is similar to those 
which are under construction. This locomotive is de- 
signed for freight work in the Rocky Mountains and 
will give its highest efficiency in the coldest weather 
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A Profile of the Electrified Division of the C. M. & St. P. Ry. Showing the Location of the 3,000 Volt Direct 


Current Sub-Station. 
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which is quite contrary to the operation of steam loco- 
motives in this service. Inspection is- required only 
once for every 1,000 miles of travel and it carries no 


Fig. 10. The Large Motor Generator Set Found in Both Units of 
the Locomotive. 3,000 Volt Double Commutator Motor Drives 
Large Sirocco Ventilating Fan Shown at Opposite End and 
Two Direct Low Voltage Generators. 


tender, has no boiler, uses no coal, and requires no 
water except a small amount for operating the oil 
fired steam heaters for heating passenger cars. 

The weight of the electric locomotive is 94 per cent 
that of a combined Mallet engine and tender and has 
a tonnage rating of 2344 per cent greater and a speed 
and drag tonnage of approximately 57% to 96.8 per 
cent greater: 

The regenerative control feature of this locomotive 
enables the motors to run as generators on down grade 
and send back to the line about 30 per cent of the 


Electrolytic Lightning Arresters Shown 


Aluminum Cell 
Above and Motor Driven Air Compressor Below. 


Fig. 11. 


energy used in pulling the train up grade. This results 
in uniform speed on both up and down grade and 
makes the use of air brakes unnecessary, except in 
cases of emergency and eliminates the danger incident 
to worn brake shoes and overheated wheels. 

The two units which make up a complete locomotive 
are exact duplicates of each other and are coupled to- 
gether in the center and both operated from either end 
of the combined locomotive, so a description of one 
unit will suffice for both. 
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In the forward end of the locomotive the operator’s 
control apparatus is placed. The control provides for 
three efficient running speeds and a position for re- 
generative braking. The usual air brake control ap- 
paratus is also provided. Passage ways lead from the 
front down either side directly back of the controllers. 
Directly back of the operator there is a large motor 
generator set. This large motor-generator set consists 
of an 86 kw. double commutator motor running 
at 3,000 volts, a 40 k. w. low voltage double com- 
mutator generator used to excite the motor fields dur- 
ing regenerative braking and on the same shaft an 
8 kw. 125 v. d.c. generator to operate control, light- 
ing, headlight, etc., has the two sets of brushes con- 
nected in series so that only one-half the line voltage 
is applied. Direct connected to the rear of this driving 
motor is a large Sirroco air blower, shown in the cen- 
ter of Fig. 9, which supplies air for the forced ventila- 
tion of the main drive motors. All the remote control 
apparatus and the starting resistance are placed in the 


Fig. 12. 


End View of One of the Locomotive Driving Trucks 
Showing the Motor and Enclosed Gear Casings. 


center of the lccomotive unit. The design is such that 
all portions of the control are apparatus available for 
inspection and repair at all times. The switching ap- 
paratus comprises electrically operated contactors for 
all the resistance points on the controllers and electro- 
pneumatically operated change over and reversing 
switches. The two latter functions are performed by 
compressed air but all other functions are taken care 
of, electrically as in the regular G-E. Multiple Con- 
trol. The aisles which pass on the outside of the 
car expose sheet steel doors which can be removed to 
permit access to the back of the remote control switch- 
es which are also accessible from the elevated center 
aisle which passes through the locomottive at this 
point. 

The air which is supplied to the drive motors is 
drawn from the interior of the locomotive and ventila- 
tors are placed in the center of both sides of the loco- 
motive unit so that the incoming air serves to cool the 
remote control apparatus. 

The inner end of the unit contains the motor driven 
air compressor consisting of a 30 kw. double commuta- 
tor motor operating at 3,000 volts driving a three-cylin- 
der air compressor. 

The capacity of the set is 150 cu. ft. of air per min. 
at 130 lbs. gage. 

The lightning arrester consists of 12 aluminum cell 
arresters connected in series. Fig. 11 shows the air 
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compressor and lightning arrester.. A large choke coil 
connected in series with the supply line prevents dan- 
gerous current surges from injuring the apparatus. 


Drive Motors. 


The eight main drive motors are divided up into four 
pairs, each pair being permanently connected in series. 
This provides three efficient running speeds, viz., with 
the running in series; two parallel sets each made up 
of 4 motors operating in series and with the four pairs 
of motors each pair being connected in parallel across 
the line. 

The motors that are used on this locomotive are of 
the type known as G. E. 253-A and are built for 1,500 
volt operation but are insulated for 3,000 volts. The 
wheel diameter is 52 inches. 

The motors which are used in this locomotive have 
the specifications listed in the table below: 
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Vol. 27, N0."6 
Amp tatinicsl aii eee ee Bite oo Ee ee ae ee 240 
Amp.. rating, (cOntinuotisnem pets ee en eee eee 210 
5 min. amp. rating, 30% coef. of adhesion, amperes...... 330 
Cu. ft; air per minute. sine eae See ee ee 1,750 
Copper-loss}-1 2hr.s rating: pwattiSminc ieee ae ee 14,400 
Copper loss, continuous rating, watts.................11,000 
Copper’ loss)5> minute: natinewawatts2en ie eee 27,300 
Core loss; 2 hr. rating, “wattsee een: + oe eee ee 7,400 
Core, loss, ‘continuous nating swathsee eo eieeeneenee 7,150 
Core loss, 5eminttte ratine = wattes scene cee 8,360 
Gear Tatio: as wsiwihes al beela eer ee ERO cas Orne 4.56 
Gear teeth ) oo.5 08 Seon Lies eee ee see 82 
Pinion . teeth oe.5. 05 6.0 cgits ws einelie eisters ie) tere te 18 


The motor efficiencies are as follows: 
1% load, 90.5%. 

Full load, 90.0%. 

3% load, 88.7%. 

% load, 86.0%. . | 
At full load the temperature rise is 35 deg. C. an 
at 150 per cent load the temperature rise is 55 deg. C. 
The specifications require that insulation of the motor 
armature and field shall stand a test of 5,000 volts and 
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ED pile Hatin Oo Mblits wet heynet: Sela tiun cers > crseenor evn: sean aCe 430 locomotive construction. 
SAPNA 
= JC) ODM = 
> le 


Electrically Operated Voltage 


Control 
Twelfth Article. 
Hand Control. 

Direct and alternating current generators do not 
have inherent voltage regulation, and unless some 
auxiliary apparatus is used, the voltage will vary con- 
siderably with the load. To control the voltage so as 
to keep it fairly constant, it is necessary to use auxilary 
apparatus that will control the field excitation of the 
generator, and thus control the generated voltage of 
the machine. By compounding a generator the volt- 
age can be kept very nearly constant but it is not as 


Fig. 29. Three Types of Hand Regulated Rheostats for Switch- 
board Mounting. 

positive as external regulators. The common 110 volt 
direct current generator will give 110 volts, under nor- 
mal operating conditions, under certain conditions and 
the maximum voltage may be as high as 150 volts due 
to change in speed or excitation and it may vary from 
this to any value down to zero. 

It is the purpose of this article to describe definite 
types of control apparatus that have been used to keep 
the terminal voltage of the generators constant. It is 
especially important in lighting that the voltage be 


kept constant, for a small variation is very noticeable. 
For small machines, a very usual method is to carry 
the field resistance, and in this way control the voltage. 


Field Rheostats. 


A rheostat that is suitable for voltage regulation 
should be durable, it should not be affected by heat 
and should have a sufficiently large number of steps 


5) 
Fig. 30. Rheostat Mounted on the Ceiling of the Room Below the 
Switchboard. The Regulating Wheel on the Board Operates 
the Rheostat by Means of a Sprocket and Chain. 
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to vary the resistance gradually and to control the 
voltage increments within the desired limits. There 
are several different types of field rheostats, known as 
the hand, sprocket, gear, ratchet and motor driven. 
For small installation the hand operated type shown 
in Figure 29 is most usually employed. 

Every rheostat should have enough resistance so 
that when it is all inserted in the shunt field of the 
generator, the voltage of the machine will be reduced, 
practically to zero. 

Rheostats for small machines are usually mounted 
upon the rear of the switchboard by means of pro- 


Fig. 31. Ratchet Adjusted Rheostat Operated by Two Solenoids 
Shown With Their Plungers Attached to the Ratchet Arm. 


jecting studs, with the controller handle extending 
through on to the front of the board. When rheostats 
are used which weight too much to hang on the board, 
they are placed on the ceiling of the room below, or 
on the switchboard supports above the board as shown 
in Figure 30. This latter method has the advantage on 
account of the accessability for inspection and repair. 
With this mounting a sprocket wheel is fastened to 
both the operating handle and the rheostat proper, and 
the connecting chain is used as a means of transmis- 
sion. With the larger sized rheostats the contactor turns 
too hard to be manually operated. An ingenious meth- 
od of operation in such a case consists of an electro- 
magnetic rachet. With this equipment the rheostat 
can be placed wherever it is convenient in relation to 
the board and generator. 

As shown in Figure 31 the ratchet is operated by two 
solenoids which face each other, and actuate the ratchet 
by means of movable plungers and connecting links. 
The operator has a single pole reversing switch which 
raises the voltage in one position and lowers it in the 
other. The current for operating the solenoids is sup- 
plied from the busbars or from a storage battery. 

For very large rheostats a motor control is provided. 
The controlling current is furnished in the same way 
as in the previous case, and the motor is controlled by 
a double pole reversing switch placed upon the switch- 
board. The motor by means of a worm and wheel reg- 
ulates the resistance. 


Care of Rheostats. 


The field rheostat is, as a rule, the most neglected 
piece of apparatus in the station, and the only time 
that it receives attention is when failure has occurred, 
To issue good operation the rheostat should be kept 
clean, and free from all accumulations of dust and dirt 
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by frequently blowing it out with compressed air. The 
bearing that supports the handles of the sprocket wheel 
should be occasionally oiled. One of the chief causes 
of trouble is due to grounds in the rheostat, which are 
usually caused by the dirt which is allowed to collect. 
Obviously grounds cannot interfere with the action of 
rheostat, so the grids should always be kept free of 
grounds, should be well insulated from the casing sup- 
porting them. The small contact points. frequently 
give trouble, due to their surfaces becoming hard and 
pitted. These are replacable however, and if they are 
given a thin coating of vaseline occasionally, trouble 
will seldom occur from this source. 


D. C. Automatic Regulators. 


An automatic regulator has been designed to keep 
the terminal voltage of the generators constant at all 
times, irrespective of the ordinary load fluctuations or 
changes in the generator speed. It may also be used 
to compensate for the line drop by increasing the volt- 
age as the load increases. The advantages of this type 
of regulator may be summed up as follows: 

1. It cuts down the number of attendants required 
in large stations, for with hand control several men 
were required to keep the voltage adjusted. 

2. There will be a decreased number of lamp re- 
newals required, because with automatic regulation the 
voltage will not be allowed to increase above its proper 
value. 

3. Higher efficiency lamps can be used where the 
voltage is kept steady than where it is allowed to vary. 

4. A loss in station revenue will occur with low 
voltage, and this is obviated by means of the automatic 
regulator. : 

Principles and Construction. 


The operating and construction features of the reg- 
ulators which will be described below have reference 
to the type of regulators which control the voltage by 
opening and closing a shunted circuit across the field 
rheostat of the generator instead of varying the field re- 
sistance. When the rheostat is short circuited by this 
shunt the generator voltage rises at once. The higher volt- 
age then breaks the circuit and the operation is repeated. 
3y means of the vibrating contact the voltage will tend 
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Fig. 32. Diagrammatic Sketch of Automatic Voltage Regulator. 
By Means of a Series Coil it Compensates for Line ‘Drop. 


to rise and fall each time the rheostat is short circuited, 
and the effective value of the voltage will be dependent 
upon the frequency of the vibrations, and the greater 
average length of time that shunt is closed the higher 
the voltage. 

The regulator consists of a main control magnet 
with two independent windings and a differential 
wound relay magnet. One winding of the control mag- 
net, known as the potential winding is connected 
across the generator terminals and the other winding 
is connected across a shunt in the main line from the 


176 


generator. The latter is the compensating winding 
and it opposes the action of the potential winding so 
that as the load increases, a higher potential 1s main- 
tained at the generator to over-compound for the line 
drop. In practice the potential winding is connected 
to the busbars and the compensating shunt is inserted 
in one of the principal feeders from the station. A 
diagrammatic sketch of this regulator is shown in Fig. 
32. 

The control magnet has an adjustable stop core at 
the bottom and a movable core at the top. The moy- 
able core is attached to a lever operating the main 
contacts, the pull of the magnet being opposed by a 
spiral spring which tends to keep the main contacts 
closed. The relay magnet has a U shaped core and its 
armature operates the contacts that open and close the 
shunt circuit across the field rheostat. The differential 
windings of the relay magnet are permanently connect- 
ed through a resistance to the busbars, the circuit is 
being made through the main contact of the control 
electromagnet. When the main contacts are open the 
‘relay contacts are also open. The relay contacts which 
open and close the shunt circuit across the field rheo- 
stat are protected against sparking by a condenser 
connected in parallel with them. 


Sequence of Operation. 


The shunt circuit around the generator field rheostat 
is temporarily opened by means of a switch located on 
the base of the regulator panel and the rheostat turned 
to a point that will reduce the generator voltage to 
about 35% of its normal value. The main control 
magnet is at once weakened the spring pulls the mov- 
able core out so that the main contacts are closed, 
which closes the second circuit of the differential re- 
lay, thus neutralizing its windings. The relay spring 
then lifts the armature and closes the relay contacts. 
The switch in the shunt circuit across the generator 
field rheostat is now closed, practically short-circuit- 
ing the rheostat, and the generator voltage at once 
rises. As soon as the voltage reaches a value for 
which the regulator has previously been adjusted, the 
main control magnet is strengthened. This causes the 
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main contacts to open which in turn opens the relay 
contacts across the rheostat. The rheostat is now 1n 
the field circuit, the voltage at once falls off, the main 
contacts are closed, the relay armature released and 
the shunt circuit cross the rheostat is again completed, 
after which the voltage starts to rise, and so complet- 
ing the cycle of operations. 

The compensating winding on the control magnet 
which opposes the action of the potential winding is 
connected across an adjustable shunt in the principal 
feeder circuit. As the load increases the voltage drop 
across the shunt increases and the current through the 
compensating winding becomes greater. So a higher 
voltage will be required on the potential winding to 
open the main contacts. The regulator in this way 
causes the generator to compensate for line drop, 
maintaining at the busbars a steady voltage without 
fluctuations, which rises and falls with the load on 
the feeder. A constant voltage is thus maintained at 
the lamps or center of distribution. 

These adjustable compensating shunts are made to 
adjust for any line drop up to 15% and the adjust- 
ments are made by sliding a movable contact along the 
shunt, the contact being made so as to be clamped at 
any position. The terminals of the relay coil of the 
main control magnet are usually run back from the 
center of distribution. ’ 

There are several types and forms of this, regulator 
on the market and are applicable to the voltage regu- 
lation of either shunt or compound wound generators. 

The connections shown in Fig. 32 are applicable to 
the regulation of one machine only, but where there are 
several operating in parallel the one machine that is in 
connection with the regulator would take care of the 
fluctuations of the entire load of the station. ‘This is 
an objection to the use of automatic regulation where 
direct current machines are in use. The use of a regu- 
lator on each machine would overcome this difficulty 
so that the load would be divided proportionly among 
the machines. 

The next article will deal with the regulation of al- 
ternating current generators and feeders both hand and 
automatic. 


of Alternating 


Currents 
Williard Doud 
(Eighth Article.) 


In the preceding installments of this series consider- 
able has been said regarding the effect of wattless cur- 
rents in an alternating current circuit. It has been 
shown that the ability of an alternating current gener- 
ator to furnish power for performing useful work de- 
pends upon the power factor of a circuit, the given 
power factor value representing the percentage of the 
rated capacity of the generator which is available for 
productive purposes. 

When current is purchased little attention is given, 
as a rule, to the power factor of the apparatus installed 
but where energy is generated as is the case in a ma- 
jority of railroad installations, it is important that 
every means available be utilized to maintain a high 
power factor on the distribution circuits. 

Low power factor in a system as a general rule, may 
be attributed to the use of motors, transformers and 


other energy consuming devices with inductive char- 
acteristics which are not being operated at or near the 
rating for which they were designed. 

To illustrate the effect of operating certain appara- 
tus unloaded or partially loaded, the following tabula- 
tion is presented showing the power factor of a mod- 
ern induction motor of certain size on various percen- 
tages of full load rating. 


Power Factor 
Per Cent of Full Load Rating 


50 te 100 
7% h. p., 440 volt, 3 phase,- 60 
cycle, 900 r. p. m. induction 
TODO Bip ttenae es ne, er ae 66.0 77.0 82.5 


High speed motors, as a general rule, have higher 
power factors than motors with moderate and low 
speeds. 

Generally the question of power factor is not 
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brought forcibly to the attention of the electrical engi- 
neer until he tries to increase the load on a generator 
which is running in an overheated condition although 
the power used is not equal to the full rating of the 
generator. Under such conditions, the problem pre- 
sented is to make available the generator capacity 
which has been rendered useless by wattless current 
or low power factor of the distribution system. 

Two methods for accomplishing the result desired 
are available, namely: 

Substituting apparatus of given rating which will 
work at or near its rating and consequently at the 
highest power factor. 

Provide suitable apparatus which will deliver to the 
distribution system the required amount of leading 
current to neutralize the lagging or wattless current 
caused by low power factors. 

In considering the first method it is evident that 
changing motors to operate at or near full load ratings 
will produce beneficial results. In doing this, how- 
ever, care should be taken to take into consideration 
the question of motor efficiency as it is possible to 
make the obtaining of high power factor in a system 
of distribution a rather expensive proceeding. 

The following diagram, based on tests made by the 
General Electric Co., on standard 60 cycle induction 
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Fig. 25. 


motors, shows the saving per year due to gain of one 
“per cent in efficiency, based on a current cost of 4 cents 
per kilowatt hour, the year period being assumed as 
300 days of 8 hours each. 

The second method of improving power factor of a 
distribution system is to provide a synchronous motor 
for furnishing the current necessary to neutralize the 
effect of the wattless or lagging current, the motor 
being required to perform a certain amount of me- 
chanical work. It is sometimes advisable to replace a 
large underloaded induction motor with a synchronous 
motor of such size that 71 per cent of its capacity will 
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perform the work previously done by the induction 
motor thus making available 71 per cent of its kilo- 
volt-ampere rating for furnishing the leading or neu- 
tralizing current for improving the power factor of the 
system. 

It must be remembered that the motor must be pro- 
vided with a separate means of excitation and requires 
considerable care to obtain the desired results. Also 
that the load should be as uniform as possible. 

A less desirable method is to operate a synchronous 


Fig. 26. 


motor, on the system, performing no useful work and 
serving simply as a source of leading current or syn- 
chronous condenser. While this arrangement is ef- 
fective it should be considered only where the high 
cost of operation and installation is warranted by the 
results obtained from its use. 

The introduction of leading current equal in value 
to the lagging current in Kilovolt-amperes will result 
in a power factor of unity or 1. 

The question of how high it is desirable to increase 
the power factor of any system of alternating current 
distribution depends upon the results to be obtained 
and the expense of the installation. 

Let OA represent the full kilovolt-ampere rating of 
an alternating current generator which will be assumed 
as operating at 71 per cent power factor. The lines 
OA and OC measure the angle of lag or the number of 
electrical degrees the current lags behind the voltage. 

The angle AOC is zero when the power factor is 
unity. 

The line AB measures the wattless component and 
the line OB the power component of the circuit. To 
raise the power factor to unity or 1 would require the 
introduction of a leading current equal in value to AB 
which would increase the generator capacity an amount 
represented by the line BC. 

If the power factor was increased to 95 per cent in- 
stead of to unity, the angles between the lines OA” and 
OC would represent the angle of lag and the lines A” B” 
and OB” the wattless and power components of the 
circuit respectively. To obtain the 95 per cent power 
factor condition would require the introduction of a 
leading current equal in value to the line AD and the 
gain in generator capacity is represented by the line 
| aes 

Following the above procedure it is evident that if 
the additional leading current represented by DB wire 
introduced the generator capacity would be increased 
by the value represented by the line B”C. 

It is evident, therefore, that the nearer the unity fig- 
ure is approached, the addition of a given amount of 
leading current increases the capacity of a generator to 
a lesser degree. 


Numerical values show this quite clearly. In the 
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following table is given values for power factor in- 


Kilovolt-amperes of leading 
current added in per cent of 
the total amount required to 
produce unity power factor. 


Per cent of gener- 
ator capacity ren- 
dered available. 


Approximate 
resulting 
power factor. 


0 71 0 
10 77 6.1 
20 83 11.5 
30 87 15.8 
40 91 19.5 
50 94 22.5 
60 95 24.8 
70 98 26.8 
80 99 28.0 
90 Dost 28.7 

100 100 29.0 
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The Use of Cadmium in Battery 
Testing 


Among practical storage battery men there are 
usually been a certain element of mystery regarding 
the use of cadmium electrode in determining the po- 
tential of the battery positives and the battery nega- 
tives separately. It is the purpose of this little story 
to clear up some of this mystery, for it is quite a sim- 
ple matter after all. On the other hand, some storage 
battery men swear by certain individual cadmium 
readings as giving an absolute indication of the bat- 
tery condition and so it is also the purpose of this 
article to endeavor to show these latter what the 
limitations of cadmium readings are. 


In preparing the cadmium stick for use, a stick of 
pure metallic cadmium is carefully sand-papered off 
until it is bright and clean and then a carefully cov- 
ered copper wire is soldered to one end. ‘The entire 
stick, and part of the connecting wire, should then be 
encased in a rubber tube and the end of the joint, filled 
with vaseline to present the acid attacking the copper 
wire adjoining. Small holes about as big as a pea 
should then be cut in the rubber tube so as to allow 
some of the surface of the cadmium to become ex- 
posed to the electrolyte, the purpose of the rubber tube 
being simply to insulate the cadmium stick from the 
plates of the battery when the cadmium is inserted. 

It is not absolutely necessary to use cadmium—in 
fact any sheet of well cleaned lead or an old piece of 
a negative plate, which has been allowed to hang in 
the acid for half an hour, or so, will serve just as well 
as the cadmium. 


When the terminal voltage of a battery fails to hold 
up on the capacity test discharge it may, of course, be 
due to a number of different causes, such as reversed 
cell, sulphated plates, loss of active material, etc., or it 
may be due to either the positive or the negative 
groups of the battery being sick. In the latter case 
it is very important to know which group is at fault 
and here the cadmium test comes in handy. On mak- 
ing the discharge capacity test, healthy negative plates 
should hold the potential to negative at nearly con- 
stant value of about .15 to .2 of a volt. If this shows 
an abnormal rise much above .25 of a volt, it indicates 
that the negatives are in trouble. 


RAILWAY ELECTRICAL ENGINEER 


Voliig Nas 6. 


crease and generator capacity available by the addi- 
tion of leading current necessary to increase the power 
factor of a system from 71 per cent to 100 per cent or 
unity. The amount of leading current added is given 
in per cents of the total amount required to produce 
unity power factor. 


The tabulation also shows that to increase the power 
factor above 95 per cent requires the introduction of 
neutralizing current out of proportion to the improve- 
ment,in power factor. This being the case, it might 
be said in general that no effort should be made to ob- 
tain a power factor of over 95 per cent by the introduc- 
tion of leading current to the system. 
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The potential between cadmium and positive is al- 
ways greater than the terminal voltage of the cell on 
discharge by the amount of the potential between cad- 
mium and negative. If this potential shows an ab- 
normal dropping off at the end of discharge, it shows 
that the positives are in trouble. 

A battery man should not place a great amount of 
confidence in any single set of cadmium readings, for 
there are so many things which affect these readings 
that unless a man is thoroughly experienced in taking 
them, they become practically worthless. A well ex- 
perienced battery man can usually tell simply by 
examining the plates as to whether or not they are in 
good condition, with much greater reliability than he 
could by simply examining a set of cadmium readings. 
The cadmium readings are useful, if properly taken, in 
showing the condition of the plates but it is well for a 
battery man to realize the limitations and the unrelia- 
bility of cadmium readings, as well as their advantages. 

Temperature, as well as the gravity of the electro- 
lyte, affects the cadmium readings, causing a higher 
cadmium reading with a high temperature and a strong 
electrolyte on discharge, than with a cold temperature 
and low gravity. The position of the cadmium elec- 
trode in the battery is also an important factor, but if 
it is placed so as to just touch the top surface of the 
electrolyte, the voltage readings to negative may be 
far different from what would be shown on the same 
battery if the cadmium stick is inserted well down be- 
tween or at the side of the plates. With the cadmium 
just touching the surface, or back of either outside 
negative plate, the cadmium to negative readings on 
discharge might be uniformly low, indicating the bat- 
tery in excellent condition, on the other hand, if the 
cadmium stick in the same cell were placed between 
the plates or at the edges of the elements, it might 
show possibly a much higher cadmium to negative 
reading near the end of discharge, indicating the nega- 
tives to be in trouble. 

If the electrolyte is seriously stratified, that is, with 
heavy acid at the bottom and light acid near the top, 
as might be found after a charge without any gasing 
overcharge, the cadmium stick placed at the top of 
the cell would again show wrong indication in giving 
too low a negative reading at the end of charge, and 
the end of charge in this might fail to show up serious 
trouble in the negatives. 
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Lesson No. 45 
Simplified Dick System (German) 


This system of car lighting which was first described 
in this section in Lesson No. 24, January, 1914, issue of 
the Ramway ELEcTRICAL ENGINEER, was designed by 
Mr. Emil Dick, Chief Engineer of the Austrian-Siemens- 
Schukert Works. This has been improved in many 
particulars so it will warrant a more complete de- 
scription at this time. This system is used extensively 
on the railroads of Germany, Austria and Turkey and 
is similar in many respects to some of the American 
systems of car lighting. 

Before describing this equipment it will be in place 
to tell of some of the characteristics that this equip- 
ment must have in order to serve its purpose effec- 
tively. Mr. Dick has set forth in a very logical man- 
ner the method of designing this equipment to meet 
the demands that will be placed upon it. Naturally 
the demand upon such a system will be greater while 
the train is in motion than at stand still and therefore 
there must be a voltage rise after the train has started. 
But this increase must be so gradual that it will not 
be in the nature of a flicker. Metal filament lamps are 
very susceptible to any change in voltage, so the maxi- 
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Variation of the Charging Current with a Fully Charged 
Battery by Varying the Impressed Voltage. 
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Fig. 211. 


mum voltage must not be so high as to injure the 
lamps. 


Storage Battery Data. 


To better understand the operation of the equipment 
it is well to briefly describe experiments which were 
made by Mr. Dick on Tudor storage batteries which 
had large surfaced positive plates and box negatives 
which were in perfect condition at the time of the test. 
This investigation included; the measurement of the 
charging current in relation to the charging voltage of 
the fully charged battery; the determination of the 
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charging current in relation to the time of charging 
with the constant voltage; the measurement of the 
initial current with batteries in different states of dis- 
charge. The results of this test are shown in Fig. 211. 
The voltage impressed on the battery was raised every 
5 minutes 0.05 volts per cell until the maximum voltage 
of 2.8 volts per cell was reached, whereafter the same 
increments were used in lowering the voltage. 
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Fig. 212. Charging Current with a Constant Voltage of 2.15, 2.2, 
and 2.25 Volts Per Cell. The Battery was Previously Discharged 


at the Rate of 20 Amperes Down to 1.85 Volts Per Cell. 


Fig. 213. Charging Current with a Constant Current of 2,15, 2.2 
and 2.25 Volts Per Cell. The Battery was Previously Discharged 
at the Rate of 20 Amperes Down to 1.95 Volts Per Cell. 


From these tests the following facts can be noted: 
with a fully charged battery in good condition, the 
current increases very slightily from 2.1 volts to 2.4 
volts per cell, while from thereon the current increases 
steadily. The limiting voltage must not be more than 
2.4 volts per cell in order to prevent a harmful over- 
charge. Figs. 212 and 213 show the variation of the 
current with the time is given with a constant charg- 
ing voltage of 2.15, 2.20 and 2.25 volts per cell. The 
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battery had previously been discharged by a current 
of 20 amperes down to 1.85 and 1.95 volts per cell re- 
spectively with a discharge rate of 20 amperes. 

These curves are of much interest since they show 
how the exceedingly large initial current falls to % of 
its maximum value at the end of two minutes and 
reaches a minimum at the end of about eight hours. 
This shows a voltage of 2.25 volts per cell is sufficient 
to charge a Tudor type battery to its full ampere hour 
capacity, while a voltage of from 2.15 to 2.20 will only 
charge it to from 2/3 to 5/6 of its full capacity. The 
current that the car lighting generator will be called 
‘upon to supply during the instant of cutting in, under 
the most unfavorable conditions, will be 26 amperes 
lamp 4oad and 76 amperes initial battery load, or a total 
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Fig. 214. Value of the Initial Rush of Current at the Beginning of 


Charge... With the Batteries in Different States of Discharge. 
All Discharges at Rate of 20 Amperes. 


of 102 amperes; and at the end of two minutes this 
will have been reduced to 81 amperes, as may be seen 
from the characteristics shown by the curves in Figs. 
212 and 213. 

Fig. 213 shows that the initial current increases with 
the extent of the previous discharge, so after a 15 min- 
ute discharge at the rate of 20 amperes, a voltage of 
2.05 volts per cell in this particular test caused 10 
amperes to flow, while after an 8 hour discharge at the 
same rate, the same voltage will drive 45 amperes 
through the battery. 


Method of Regulation. 


In railroad service the coaches are not all regularly 
in use, being in the repair shop for a portion of the 
time and again in the railroad station supplying cur- 
rent to the lamps. In those cars which are temporarily 
out of use the battery plates are in constant danger 
of sulphation. 

A fully charged battery will float across the line at 
a voltage of 2.25 volts per cell when all lamp circuits 
turned on but with the lamp load cut off the battery 
voltage increases to approximately 2.4 volts per cell. 
So it is evident that the regulated dynamo must ex- 
hibit some of the following characteristics. It must 
allow the terminal voltage to rise to about 2.4 volts 
per cell if the battery is fully charged and no lamps are 
turned on, it should, however, develop a voltage of 
2.25 volts per cell, with a fully charged battery, when 
it is also furnishing the entire lamp load. Therefore 
the voltage is made dependent upon the current and if 
these two points (2.25 and 2.40) are plotted in a co- 
ordinate system, a line which joins these two points, 
shows the intermediate values of the voltage with dif- 
ferent lamp loads. 

Fig. 215 shows the working characteristics of the 
regulated dynamo with all lamps out. With the bat- 
tery in a fully charged state the generator gives a volt- 
age of 27 volts but with a discharged battery taking 
as high as 60 amperes the generztor voltage is reduced 
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to 25.2 volts. These characteristics must be indepen- 
dent of train speed. 

To accomplish this end, the voltage is controlled by 
an electrically operated voltage regulator consisting of 
a combination shunt coil and a series coil. (The series 
coil can be replaced by a resistance in the dynamo cir- 
cuit and the same effect will be obtained. ‘This is not 
feasible, however, on account of the energy lost.) The 
number of turns that will be required in a series coil 
can be computed from the formula, 

EN: 
NC — ———— 
R 
No. turns = —————_— 
C 
Where :— 

C = Dynamo current. 

NC = Constant number of ampere turns of the regu- 
lator. 

E = Terminal voltage of the generator delivering full » 

current to Fig. 215. 

N = Number of turns in the voltage coil of the regu- 

lator. 

R = Total resistance of the regulator circuit in ohms. 

When the generator current sinks to zero the limit- 
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Fig. 215. Charging Diagram and Regulator Characteristic With 
no Lamp Load. ‘“JB’’ Indicates Battery Current. 


NC 


volts. As shown in 
N 

Fig. 215, the curent Jp equals 60 amperes and the volt- 
age Ep equals 25.2 volts. 

The total constant ampere turns for this regulator 
amount to: 
NC = 1440 

N = 2000 turns, 

BY = 12 se 288 thas 

2000 
R = 28.8 Kk —— = 40 ohms, 


1440 — 25.2 « 2000 
40 

wherewith No. turns ———————_— 

60 
That is, the regulator will have 3 series turns. The 
line B. C., Fig. 215, makes the generator voltage depend- 
ent upon the load. The point “C” indicates the point at 
which the largest charging current is given out with no 
lamp load and is determined by the intersection of the 
lowest initial current curve, Fig. 214, while the point of 
intersection “A,” Fig. 215, is determined by the maxi- 
mum initial current for a fully charged battery that has 
previously been discharged at the rate of 20 amperes 
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down to 1.95 volts per cell, as shown in Fig. 213. With 
a battery in this condition the charging current will in- 
crease with the accelerating train up to the point ‘‘A,” 
Fig. 215, and with a further increase in the train speed 
the regulator comes into action and controls the voltage 
as indicated by the line “BC,” Fig. 215. The results 
experimentally obtained showing current and voltage in 
charge are given in Figs. 216 and 217. When the bat- 
tery is fully charged the voltage reaches the point “B,” 
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Fig. 216. Battery Charge with Lamps Turned Out From Fig. 215. 
The Battery was Previously Discharged at the Rate of 20 
Amperes Down to 1.85 Volts Per Cell. 
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Fig. 217. Same as Fig. 216 Except That the Battery Had Previ- 
ously Been Discharged at the Rate of 20 Amperes Down to 
1.95 Volts Per Cell. 


which is the intersection of the current-voltage curve 
shown in Fig. 211 with the regulator characteristic line 
OA Bae 

Effect of Voltage Variation on Lamps. 


The question may arise whether such regulation is 
suitable for metal filament lamps, considering the volt- 
age variation. A study of Fig. 218 will aid in clearing 


up this point. This again shows the operation of a four 
axle passenger coach outfit and is the same as Fig. 215, 
with the addition of the lamp current curves. With all 
lights on the entire lamp current J, is 26% amperes at 
26% volts. Ji% indicates the lamp current with but half 
the lights turned on and to this the corresponding bat- 
tery charging current added, so that points of intersec- 
tion “E” and “F” are obtained showing the value of the 
voltage with total lamp load and half lamp load when 
the battery is fully charged. The points “C” and “D” 
are likewise determined by the addition of the initial 
battery current to the lamp current. 


Operation of the Regulator. 


As the train starts up, the generator current follows 
along the line of the initial current curve up to the point 
“D,” when the regulator starts to operate. The gener- 
ator current then decreases gradually with the increas- 
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Fig. 218. Regulator Characteristic Showing Variation of Voltage 
and Current While the Train Passes From Rest to Full Speed 
and With the Lamps Turned On. 


ing voltage until it reaches its minimum in point “fF,” 
with half lights on. 

The variation in voltage and current of the generator, 
battery and lamps over a complete cycle of battery 
charge is shown in Figs. 219 and 220. These do not 
conform to actual working conditions, however, in that 
trains are not usually kept in continuous operation for 
7 to 12 hours. 

The total voltage variation is from 24 to 26 vlts or 
about 10%. This would not be admissible if it took place 
suddenly, but Mr. Dick shows that the train cannot ac- 
celerate rapidly enough to make the voltage increase 
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Fig. 219. Variation of Battery Voltage and Current With All Lamps Turned on as Shown in Fig. 218. Battery Had Previously Been 
Discharged at the Rate of 20 Amperes Down to 1.85 Volts Per Cell. 
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Fig. 220. Same as Fig. 219, Except that Battery Had Previously 
Been Discharged at the Rate of 20 Amperes Down to 1.95 
Volts Per Cell. 


noticeable on the lamps, the greatest voltage increase that 
could take place in any one second being not more than 
0.8% per second. In Fig. 221 the relation of the lamp 
candle power to the voltage is shown. 

A glance at Fig. 219 and 220 shows that there is no 
great voltage change after the starting period. As may 
be seen from Fig. 218, the voltage may reach a value 
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Fig. 221. The Variation of the Candlepower and Power Consump- 
tion With Voltage For Wotan Lamps, 100% is Taken as 1.1 
Watt Per Candle. 


of 27.6 volts at half lamp load and with fully charged 
batteries. For this reason it has been found that a bet- 
ter lamp life is obtained if the lamps are designed for 
a voltage of 2614 and for a power consumption of 1.1 
watts per candle. Although with a fully charged battery 
with only one or two lights burning, the voltage may be- 
come even higher than this, the fact still remains that 
this excessive voltage generally is impressed across the 
same few lamps. If these lamps are made for a higher 
voltage, this difficulty would ‘be largely overcome. 


Description of the System 
Generator. 


The generating unit of the system is a four pole 
shunt wound dynamo, which is either placed on the 
trucks or hung from the car body. It is entirely en- 
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closed and the shell is made of cast steel. The armature 
is of the drum series wound type, the field coils being 
impregnated with an insulating lacquer. The pole 
changes consist simply in the brush rigging being mov- 
able about the shaft of the dynamo, the brushes being 
shifted through an angle of 90 deg. by the brush fric- 
tion on reversal of direction of car motion. The travel 
of the brush rigging is limited by two striking posts so 


Fig. 222. Car Lighting Generators for Two Axle, Three Axle and 
Four Axle Passenger Coaches, Types ABL, KBL and AL. 


that the point of commutation is always correct and the 
correct polarity of the generator maintained. 


The generator is equipped with ball bearings be- 
cause of the small amount of attention which they re- 
quire. All screws and nuts are protected from being 
shaken loose by the vibration by jam nuts and lock 
washers. The dynamo is self excited and therefore is 
independent of the voltage of the storage battery. 


Fig. 223. Body Hung Suspension of a Type AL Generator on a 


Two Axle Passenger Coach. 


The machines are made in 4 sizes, as shown in Fig. 
222. 

Type A. L. for small 2 axle passenger coaches, 200 
watts capacity. 

Type K. B. L. for larger 2 axle and 3 axle passenger 
coaches, 400 watts capacity. 

Type A. B. L. for 4 axle passenger coaches, 800 watts 
capacity. 
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Type C. L. for 4 axle and 6 axle passenger coaches, 
1.1 kw. capacity. 


Figures 222 and 223 show the three smaller sizes of 


Fig. 224. Truck Suspension of a Type AL Generator. 


car lighting generators, the weights of the generators 
being 66 lIbs., 165 Ibs. and 285 lbs., respectively. 


Generator Suspension. 


A diagramatic sketch of the body hung type of sus- 
pension is given in Fig. 225. It is recommended that 
the driving pulley be mounted as near one wheel as 
possible in order to make it easier to apply the best. 
The manufacturer states that inasmuch as a long belt 
has a longer life, the body hung type of suspension is 
preferred to the practice of mounting the generator on 
the truck. Fig. 224 shows a truck mounted generator 
and Fig. 223 shows the body hung suspension on a 4 
wheel coach. In order to make the replacement of de- 
fective belts easier, the belt length for each type of ma- 


Fig. 227. Regulator Cabinet for Types ABL and KBL Generators. 
Automatic Switch Is Shown in the Left Center, Regulator at 
Right and the Resistance ‘‘b’” Is Shown Below. 
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Fig. 225. Drive of a Body Hung Car Lighting Generator. 


chine is made the same so that the belt can be cut and 
applied without measurement. 


Generator Regulator. 


The generator regulator consists, as in most constant 
voltage systems, of a voltage coil which by means of a 
core plunger reduces the field excitation and tends to 
keep the voltage constant. Fig. 226 gives a diagramatical 
sketch of the regulator used with this equipment. The 
voltage coil “A” made up of a large number of turns of 
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Fig. 226. Diagrammatic Sketch of the Dynamo, Automatic Switch 
and Regulator and Their Connection to the Lamps and Battery. 
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fine wire and is tapered so that the coil increases in 
breadth toward the top. This is connected in series 
with a resistance “B’’ across the terminals of the gener- 
ator “C.” The adjustable resistance “B” serves first to 
quickly adjust the terminal voltage to 28.8 volts (2.4 
times 12) for a 12 cell battery. It also serves to com- 
pensate for the heating of the coil. An iron plunger 


Fig. 228. Regulator Case for the Small Type AL Generator. 


“E”’ is enclosed inside of this coil and is guided by a 
brass tube. The plunger is electro magnetically operated 
by the coil “.\” and regulates the resistance “F,” which 
is in series with the field coils “G” of the generator. This 
completes a second shunt circuit to the dynamo. 


j 
| | 
be | /e 
K 
| S | 
| | 
1 ae 
20 f a N 
ne “D:‘Generoler Vp/tage 
aN £77 Lamp Voltage’ 
aN b:-Generavor Current 
| & Le botery Curren, 
af “= Lomo taeda 
Leak = Exciting Current 
ad EL a= Regular 
M . 4° Keqilotor Current 
iN) 
a 
SS 
XQ 
%® 
L \2 
S ee) 
/o 
LAM (Ee hess ie L fi 
oO 3500 1000 4500 2000 
RPL? OF Gereroror 
Fig. 229. Variation of the Current and Voltage in Different Parts 


of the System, While the Train Is Traveling at Different 
Rates of Speed, All Lamps Turned On. 


The field resistance is regulated on the circumference 
of the mercury chamber “H”’ and its operation is as fol- 
lows: The upper part of the chamber “‘H” is made up 
of metallic rings which are separated from one another 
by an insulating material, the whole being bolted to- 
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gether so as to be rigid. The rings are electrically con- 
nected to segments of the resistance “F.” The plunger 
“E” normally rests on the bottom of the mercury cham- 
ber at which time the mercury from the bottom of the 
chamber is forced upward, short circuiting all the re- 
sistance contacts, but when the plunger is attracted by 
the solenoid and is raised, the mercury sinks in its cham- 
ber and cuts in the resistance one step at a time. This 
chamber is well ventilated so that any heating which 
may occur will not injure the apparatus. 

The terminal voltage of the machine is maintained at 
approximately 28.8 volts by means of this regulator so 
the forces which act on the plunger must be in equi- 
librium at every moment. Acting downward is the weight 
of the plunger “G,” opposing this, the forces which tend 
to raise the plunger, viz., the buoyancy of the mercury 
“Q” and the magnetic pull of the solenoid “Z,”’ so the 
equation “G” minus “Q” equals “Z.” In order to pre- 
vent hunting action and to damp out any sudden change, 
the piston of the plunger fits tight enough in the solenoid 
so as to act as a dash pot plunger. 


Joint Meeing of the Railroad and Industrial Commis- 
sion of Wisconsin. 

On October 22nd a joint meeting of the railroad 
and industrial commissions of Wisconsin was held 
in the assembly chamber of the state capitol. This 
was a public hearing and representatives of public 
service utilities, railroad electrical departments and 
telephone interests were present. Tentative stand- 
ards for electrical construction and operation had been 
drawn up. A large part of the discussion devoted to 
ways of preventing interference between public utili- 
ties, especially as applied to the interference of high 
voltage transmission lines with telephone and tele- 
graph lines. 

The tentative rules which were drawn up were es- 
sentially those adopted by the railroad commission of 
the state of California through its joint committee on 
inductive interference. The two commissions will at- 
tempt to draw up the rules so that future interference 
will be avoided and to prevent means for the simplest 
settlement of disputes over present installations. In 
case of disputes the rules provide that the commission 
shall be the arbiter. 

To insure safety to operators and other persons 
coming in contact with electrical installations, a set of 
tentative rules were also adopted, which are something 
similar to those being drawn up by the Bureau of 
Standards. These safety specifications will apply to 
nearly all lines of electrical installations and when 
completed should be a great help in insuring that 
future installations shall be safe. 


The Largest Central Station Battery in the World. 

The Detroit Edison Co. of Detroit, Mich., has con- 
tracted for the building and erection of a new Central 
Station Storage Battery, which will make it the largest 
in electrical output ever built for emergency use. 

The battery will consist of 150 cells, each contain- 
ing 169 plates of Type H “Exide”. 

Each of the 150 lead lined tanks will measure 6 ft. 
75% in. in length, 2134 in. in width and 4 ft. 2 in. in 
height. Each cell complete with plates and electrolyte 
will weigh 7,700 lbs. 

The capacity of the complete battery will be 12,600 
amperes for one hour, or 26,040 at the 20 minute 
emergency rating. In connection with the operation 
of this large battery, The Electric Storage Battery 
Co. will build four 7-point 10,000 ampere motor driven 
end cell switches, two of these to be placed on each 
side of the three-wire system. 
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Practical Stunts 


We Pay a Dollar Apiece for Practical Stunts—Send in Your Ideas 
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Heating Parolyte by Electrictiy. 


In large terminals where electric power is available, 
the use of a discarded cast-iron grid resistance may 
be found very handy for making a parolyte heater. 
The accompanying sketch shows a home-made heater 
which has given very good satisfaction. A sheet iron 
casing is made which is large enough to enclose the 
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Old Grid Resistance Used for Heating Parolytle. 


resistance units and with an opening at the top large 
enough to hold a basket. This furnishes a ready means 
of keeping the parolyte hot. The circuit to the heater 
is controlled by a switch, enabling the operator to use 
his pot whenever he desires. Its great convenience 
lies in the fact that it requires no attention and is 
always ready for operation. 
J. E. Snyder, Crafton, Pa. 


Removing Fan Brushes That Stick. 


Difficulty is sometimes experienced in removing fan 
brushes when they stick. A good way to remove them 
is to get a corset stave about % in. wide and bend 
one end to make a small hook. With the use of this 
instrument the brush can be pulled out. I am enclos- 
ing a small sketch for an illustration. 

: Wea? Burgess, 
Peter Costin Yards, Los Angeles, Calif. 


A Specific Gravity Tester. 


This specific gravity tester was designed by the writer, 
as described in the following paragraph. It consists 
simply of a hard glass tube of a uniform diameter, which 
acts as a plunger inside of a hard rubber tube. This 
outer tube is about 114 in. in diameter.and 9% in. long 
and completely covers the glass tube when the apparatus 
is closed up. A flange on the top edge.of the glass tube 
prevents it from being pulled out through the bottom 
gasket. This gasket at the bottom is of soft rubber, and 
fits very tight to the surface of the glass, so as not to 
leak air. A cap screw with a small air hole in the center 
seals the top end of the hard rubber tube, and this being 
provided with a small rubber washer makes the chamber 
air tight. 

A hydrometer is placed in the glass tube, and this is 
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protected by rubber washers at the bottom of the glass 
tube, and also on the inside of the cap, to prevent the 
hydrometer being broken. To take a reading it is only 
necessary to insert the rubber tubing into the cell and 
pull the glass tube out of the ebonite tube, meanwhile 
keeping the air hole in the cap screw closed with your 
thumb or finger. This will draw the electrolyte up into 
the glass tube containing the hydrometer and a reading 
can then be taken. To discharge the electrolyte further, 
simply remove your thumb from the air hole and let it 
run out, or by keeping the air closed force down on the 
ebonite tube forcing the electrolyte back into the battery. 


Charging 30-Volt Cars From 60-Volt Circuits. 


In yards wired for 60-volt charging, it is frequently 
necessary to charge 30-volt cars by means of a port- 
able resistance. At night these units are in the way 
and the operator must hunt for them and test them 
to see if the current is on. To remove this difficulty, 
a carbon lamp can be connected across the terminals 
so soon as that circuit is plugged in, the lamp will 
light up when the plug is put in the receptacle along 
the walk. The accompanying sketch shows the re- 
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sistance unit and its connections. The car is then 
put on charge by connecting the yard cable to the re- 
ceptacle on the resistance and connecting the cable 
from the resistance unit to the car. At night, with the 
lamp burning, it is clearly visible, especially with the 
top of the globe painted red. This also indicated a 
blown: fuse or other trouble in the charging circuit. 

| J. E. Snyder, Crafton; Pa. 


Dynamos That Throw Oil. 


Bliss, dynamos often give some trouble by throwing 
oil and this may be remedied as is described below: 

1. Where an‘ armature has more than ¥% in. ‘end 
play, apply fibre washers on commutator end to reduce 
the play to 1/16 in. 
- 2. Where the pulley bore is so large that the pulley 
fits close to dynamo bearing, apply thin tin shim on 
pulley seat, so that pulley cannot touch bearing. 

W. C. Burgess, 
A. T. & S. F. Coach Yards,-Los Angeles, Calif 
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Convenient Drill Rack. 


In order to keep our small drills and those which are 
used most frequently in good order near the drill 
press, we constructed a special rack for holding them. 
A line of holes was drilled in one edge of a piece of 
maple, so as to hold all sizes from 1/16” to 34”. This 
was fastened to the solid part of the drill press. This 
rack holds the drills in a single line in an upright po- 
sition where they are freely accessible. 

To tell the size of a drill at a glance fasten a strip 
‘of brass at the front of the rack and either stamp on 
it or paste a piece of paper which states the size of 
the drill which is in the hole opposite it. 

C. B. Jennings, Topeka, Kans. 


Simple Scheme for Dead-Ending a Crane Trolley Wire. 


The accompanying illustration shows a convenient 
and serviceable way of dead-ending a traveling-crane 
trolley wire, such as employed in railway shops. For 
a No. 2/0 copper wire a % inch punched wrought-iron 
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gE. W. Jansen 


At the close of the Eighth Annual Convention of 
the Association of Railway Electrical Engineers, Mr. 
E.AWajansen; ‘electrical engineer, Ill, Cent: —Rywand 


E. W. Jansen. 


formerly vice-president of the Association, was elect- 
ed president to serve for the ensuing year. Mr. Jan- 
sen was born in Quincy, Ill., July 20th, 1874. After 
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bolt washer may be used, and for other sizes reference 
to a wire table will show the size of washer required 
to fit over twice the diameter of the wire used. 

And another striking feature is the fiber tube as 
shown below the arrow, is used as a safety stop. The 
tube is about 20 inches long and is set about 30 inches 
from that washer. In case of accident the tube lifts 


the trolley from the wire and the traveling crane stops. 

To start the crane again, the tube is shifted towards 
the washer. The crane is then started and later the 
tubes are reset on the original position to be ready 
for the next emergency. This scheme, I presume, was 
originated in C. P. R. Angus shops at Montreal, Que- 
bec., and it works quite satisfactory. 


J. G. Koppel, S. Ste. Marie ice: 
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completing a course at the Quincy High School he 
entered the employ of the Quincy Electric Railway in 
July, 1891. He remained with that institution in the 
capacity of assistant to the electrician until May, 1892, 
on which date he accepted a position with the Cornish 
Electric Company of Chicago, as foreman in charge 
of wiring for lighting and motor boat installations in 
the Chicago district. 

In June, 1894, he severed his connections with the 
Cornish Electric Co., to become associated with the 
Waddell-Entz Co. of Chicago, being employed on the 
installation of electrical equipments. In January of 
the following year he accepted a position with the 
Great Northern Hotel Company during the construc- 
tion of their building. 

He left the employ of this company to accept a posi- 
tion with the Illinois Central Railroad as electrician 
on their 12th street direct current plant. In 1900, 
when the Illinois Central installed a terminal plant 
at 27th street, supplying a 6,600 volt three-phase cur- 
rent to all stations, buildings and yards from 91st 
street to the Chicago river, he was appointed in charge 
of all the electrical work connected therewith. In 
November, 1904, the position of chief electrician was 
created on the Illinois Central system, to which he 
was assigned, having charge of construction and 
maintenance of electrical work on the system, with 
the exception of maintenance of electrically lighted 
cars and electrical matters at the main Burnside shops. 
On April 1st, 1910, he was appointed electrical en- 
gineer of the entire Illinois Central system, which po- 
sition he now holds. 

Mr. Jansen’s ability and forcefulness, which are so 
well known to his many friends in the railroad field, 
will undoubtedly give a good account of themselves 
in a successful year of accomplishment for the Asso- 
ciation. 
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Mr. T. Lee Miller has been placed in charge of the 
Sangamo Electric Company’s New York Office, 50 
Church St. He was graduated from the University 
of Cornell, Class of 1909, with the degree of Mechan- 
ical Engineer, and established connections with Mar- 
wick, Mitchell, Peat & Company, accountants, where 
he originated and established the present efficiency 
system for the Buick Motor Company. For the past 
four and a half years he was associated with the To- 
ledo Railways & Light Company in the capacity of 
Assistant to the President in charge of Purchases and 
Car Maintenance. Mr. Miller is an associate member 
of American Institute of Electrical Engineers and of 
the American Society of Mechanical Engineers. He 
is a member of the National Electric Light Associa- 
tion, Racquet and Tennis Club, Cornell University 
Club, and West Side Tennis Club of New York. 


U.S. L. Notes. 

The U. S. Light & Heat Corporation has established 
a Kansas City branch with offices at 607 O’Rear-Les- 
lie Bldg. Complete data and information can be ob- 
tained there regarding all of the company’s products. 
Mr. W. W. Pennington, formerly of the Rock Island 
Lines and recently connected with the Chicago branch 
of the U.S. L. & H. Corp., has been appointed manager. 


Portable Current Testing Outfit. 


There are many uses in central station work for a 
high grade portable current testing outfit that com- 
bines accuracy and lightness with low first cost. Such 
an outfit with a capacity of 75 to 250 amperes is now 
offered by the Westinghouse Electric & Mig. Co. 
The transformer is so constructed that it can be 
clamped around any cable or feeder without opening 
the circuit, and therefore has a wide field of useful- 
ness in testing cables in the power house, in man- 
holes, or on the line. 

The standard outfit consists of a portable split- 
type current transformer, a type PR portable amme- 
ter, a set of leads 10 feet long and a leather carrying 
strap. The total weight of the outfit is less than 30 
pounds. 

The split-type current transformer is made with 
a clamp at one end and a hinged joint at the other, 
so that the two halves can be opened up, slipped over 
the cable, and clamped together tightly. The use of 
this transformer obviates the necessity of opening the 
main circuit to make a test. By means of binding 
posts on the transformer, connections can be made 
for obtaining full scale readings of either 125 or 250 
amperes. 


Improved Industrial Type Oil Switch. 


This improved type of oil switch is used extensively 
in industrial establishments to control and protect in- 
duction motors up to 2,500 volts and 300 amperes. It 
can be mounted on a wall, post or other vertical flat 
surface, or by means of suitable supports on the ma- 
chine operated by the motor. The switch is made by 
the General Electric Company in both non-automatic 
and automatic forms; the first simply to start and stop 
the motor, and the second to cut off current from the 
motor automatically on the occurrence of an over- 
load greater than that for which the overload trip is 
set. 

Through a recent improvement in the design of the 
mechanism, a low-voltage trip can be added to the 
automatic switch as an attachment at any time. To 
the non-automatic switch, either a low-voltage trip 
or a series-overload trip, or both, can be added when- 
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ever desired. Both means of tripping are mounted 
inside the switch cover. 

Up to 550 volts (except on 110 volt, 60 cycle circuits, 
where the trip coil only is sufficient) an auto-trans- 
former is used in place of the.resistance previously re- 
quired in series with the low voltage tripping coil. 
This transformef has taps to which proper connections 
can be made for the operating voltage. For 2,200 volt 
circuits, a new type voltage transformer replaces the 
transformer and series resistance used heretofore. The 
use of the new auto-transformer, or voltage trans- 
former, makes the watt loss in the low-voltage device 
practically negligible. 

On the switch with the time limit overload trip, the 
calibrating tubes and dash pots are protected from in- 
jury by a cast iron guard which has been added to the 
equipment. 

Switches can also be furnished with covers arranged 
to mount a round pattern ammeter and provide, in 
addition to control and protection, a means of knowing 
at all times the amount of current being taken by the 
motor. This gives a continual indication of the motor 
load and the opportunity to detect trouble in the motor 
or its circuit. 


Rural Substations in Railway Signal Work. 

The field of application of the rural substation is 
constantly broadening as its merits become better rec- 
ognized. The main features are, of course, mobility, 
ease of installation and low initial cost as compared 
with a permanent indoor substation of like capacity to 
accomplish the same result. These points often exert 
a weighty influence on the solution of the problem of 
electricity supply, especially when the probable rev- 
enue is somewhat speculative, or the need for power 
either temporary or seasonal. In other cases the ques- 
tion of cost does not determine the installation itself, 
but merely its character. The accompanying illustra- 
tions show views of the first outdoor type steel switch 
houses of this class built for railway signal purposes, 
and are used in this connection by the Southern Rail- 
way at Inman, S. C., and Austell, Ga.. The outdoor 
substations, of which the switch houses are a part, 
effect a considerable saving in outlay as compared with 
what would have been the cost of a substantial per- 
manent substation to house the equipment. Each house 
is located at the foot of a pole tower supporting the 
transmission line, the outdoor power transformers, dis- 
connecting switches, choke coils and lightning ar- 
resters. 

The equipment of the switch houses 1s a little more 
elaborate than usually required for power or lighting 
purposes. The ordinary house, such as exhibited at 
the Railway Appliance Association Exhibition last 
month, has merely an oil switch. or an oil switch and 
watthour meter, with the necessary current and poten- 
tial transformers. In the house illustrated, there are 
also an extra potential transformer, a voltmeter, a cir- 
cuit closing relay, two potential receptacles, and an in- 
candescent lamp with bracket. The extra transformer, 
two potential receptacles and voltmeter in connection 
with the other two potential transformers required 
for the watthour meter, allow the voltage to be read 
on both sides of the oil switch before it is closed. The 
incandescent lamp gives illumination at night for read- 
ing the voltage or for lighting the inside of the house. 

Equipments of this kind are now being built by the 
General Electric Company. The houses are shipped 
wired complete, so that the only construction work 
necessary to put them in commission is to place oil 
in the oil vessels and connect the incoming and out- 
going leads to the roof bushings. 
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New Body Hung Suspension. 


The axle type of generator suspension has often 
been criticised on the ground of being inaccessible 
and of having too many wearing parts to get loose. 
This has led to the development of several types of 
body hung suspensions. The advantage of these 


equipments is that they reduce the unsprung weight 
on the trucks as well as reducing the total weight of 
These body hung types have also 


the suspension. 


Fig. 1. New Body Hung Suspension Showing Belt Tightening 


Spring. 


made the generator more accessible, which is a point 
that is appreciated by the repair man. 


The Illinois Central Railroad have just built an ex- 
experimental suspension that seems to answer all ob- 
jections to this type of equipment. Fig. 1 shows this 
suspension mounted on the fish-belly girders of a new 
steel coach.. By removing the belt, the repair man is 
able to move about on all sides of the generator. 


Figmic. 


Notice Safety Chains Securing Generator to Girder. 


The mechanical details of this suspension are very 
simple. Two hubs, shown in Figs. 1 and 2, are 
fastened onto the fish-belly girders and a pipe runs be- 
tween them, for the shaft to turn in. The 2%-in shaft 
is placed in this pipe so the only point for wear is the 
shaft in the pipe. To insure that these points are well 
lubricated at all times, a grease cup is placed on the 
pipe, surrounding the shaft, so that bearing is greased 
from this one source. The suspension arms are bolted 
to the base of the generator and are keyed to the bear- 
ing shaft and secured with cotter pins, making the 
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whole suspension integral and rigid. As a matter of 
safety, the generator is also fastened to the girders by 
means of two one link, 1-in., safety chains that would 
prevent the generator from falling onto the track if 
the main suspension should break. A brace is bolted 
to the fish-belly girders for the tension spring to 
work against. This is shown in the two views of the 
suspension. 


Westinghouse Awards. 


The Westinghouse Electric & Mfg. Company an- 
nounces the following more important among the 
large number of awards received at the Panama-Pacific 
International Exposition. 

The Grand Prize, the highest possible award, on 
the 4000 h. p.,; 650-volt, d. c. double-unit Pennsylvania 
electric locomotive mounted on a turntable under the 
dome of the Transportation Palace. The Medal of 
Honor on alternating current and direct current indus- 
trial motors and control apparatus, on precision in- 
struments, on Le Blanc condensers, on motor-gener- 
ator sets for moving picture machines and on high 
voltage oil switches. The Gold Medal on a number 
of different classes of apparatus among which are 


steam turbines, alternating and direct current gener- 


ators, alternating current and direct current railway 
motors, transformers, rectifiers, starting, lighting and 
ignition systems, switchboards and accessories, and 
mining locomotives. 

A number of silver medals and bronze medals were 
also received. 

The Westinghouse Electric & Mfg. Company was 
also awarded the Gold Medal for the most complete 
and attractive installation in the Palace of Transpor- 
tation. 


Text Books on Alternating Current. 


Prof. F. E. Austin has recently issued a second 
edition of his book entitled, ‘‘How to Make Low 
Pressure Transformers”. In the 17 pages contained in 
this book directions are given for constructing and 
designing a transformer for low tension work. The 
separate steps in both the construction and design: 
are very clearly set forth and this should prove of 
interest to students and experimenters who are inter- 
ested in this subject. The price of this book is 40c. 

Another book recently published by Prof. Austin 
is entitled, “Examples in Alternating Currents for 
Students and Engineers”. The book has flexible bind- 
ing and contains 223 pages of reading matter, which 
is printed in green ink, probably for the purpose of 
making it easy to read. In treating this subject, some 
of the more usual trigonometric formulas are devel- 
oped and problems in calculus are also given, which 
are used in the solution of alternating current prob- 
lems. Both of these books may be had of Prof. Austin, 
of Hanover, N. H. 


Male Help Wanted. 

District Manager.—A Chicago Engineering and 
Realty Corporation has a permanent position with a 
good future to offer as Manager of Minneapolis Office. 
A successful business man with executive ability and 
engineering knowledge and who is in a position to 
take a financial interest of not less than $2,500 are the 
requirements. Investment fully secured. To such 
party we give guaranteed contract with salary, com- 
mission, expenses and profit sharing interest. Give 
full statement in first letter. Answer G-36, RAILWAY 
ELECTRICAL ENGINEER. 


December, 1915. 
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Which System for Electrification? 


This has been the eternal bone of contention with 
railroad electrification engineers since the development 
of the single-phase and three-phase systems, and there 
is probably no doubt but with the strong convictions 
of eminent engineers favoring one or the other system 
there has been created in the minds of higher rail- 
road officials a certain skepticism regarding the feasi- 
bility of railroad electrification. It has always been 
maintained in these columns that no one system had 
eminently superior qualifications for universal electrifi- 
cation, and that each condition required special con- 
sideration, as each involved special problems. 

Although radical developments have been made. in 
heavy electric traction during the past year, the funda- 
mentals of the proposition are not essentially changed. 
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It is interesting to note that in the presentation of the 
report of the Committee on Abatement of Smoke and 
Terminal Electrification at Chicago, a similar senti- 
ment is expressed, in which the committee states that 
although they consider the single phase system best 
suited to Chicago conditions they do not find it ad- 
visable to recommend any one particular type of elec- 
trification for universal adoption and that even if this 
were done, and whatever system might be recom- 
mended, certain eminent and conscientious engineers 
could offer just criticism. 

The developments in heavy electric traction of the 
last year, however, seem to point to a more extensive 
use of the overhead contact system in preference to 
the third rail. This is due to improvements in the 
standard single-phase system, the development of the 
split-phase system as employed on the Norfolk & 
Western, Bluefield Division, with an operating volt- 
age of 11,000 a.c. at trolley, which is converted to es- 
sentially three-phase current by means of a phase 
splitter on the locomotive. The wonderful develop- 
ment of high voltage direct current systems as found 
in the 3,000 volt electrification of the C. M. & St. P. 
and the successful 5,000 d.c. experiment on the Michi- 
gan United Traction Lines is another strong indica- 
tion that the heavy electric traction of the future will 
be of the overhead contact or trolley type. 

In view of these great strides in both a.c. and d.c. 
traction which have been made in the past year, it is 
now even more impossible than ever before to say 
that any one system is superior to all others. 


Smoke Abatement in Chicago 
By Electrification of Railway 
Terminals 


Since 1874 and perhaps earlier there has been a 
growing sentiment among the people of Chicago that 
the steam locomotive was the chief source of the 
smoke which contaminated the city’s atmosphere. 
This sentiment found expression in more than one 
attempt to compel the railroads to electrify within 
the city. Finally, realizing that a correct solution of 
the smoke problem could be based only on complete 
scientifically obtained information and data, the Asso- 
ciation of Commerce, in 1911, organized a committee 
to make a thorough study of smoke abatement and 
electrification of railway terminals. Four of the mem- 
bers were named by the Mayor, nine by the Associa- 
tion of Commerce, and four by the railroads, who fur- 
nished the necessary funds. 

The committee, with the assistance of a staff of 17 
experts, has just finished what is recognized as the 
most comprehensive study of smoke abatement and 
terminal electrification ever made. An abstract of its 
report, which was formally presented to the president 
of the Association of Commerce on December 1, ap- 
pears elsewhere in this number. 

The outstanding facts as brought out by this report 
are that the complete electrification of the Chicago 
railroad terminals as a means of lessening smoke pol- 
lution is technically practical, but financially imprac- 
tical, that “before the steam locomotive is eliminated 
pollution must first be reduced to a minimum from 
the three more damaging services, namely, high pres- 
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sure steam plants, metallurgical and other manufac- 
turing furnaces, and domestic fires” and that electrifi- 
cation would eliminate only five per cent of the gaseous 
pollution and less than four per cent of the solid pol- 
lution of Chicago’s air. The number of important 
sources of smoke other than the locomotive as disclosed 
by the committee’s report is a revelation and has a 
most important bearing on future work in connection 
with smoke abatement in any large city. It can no 
longer be said that this, that, or the other interest pro- 
duces all the smoke. Each contributes its share and 
to effectively deal with the problem of smoke abate- 
ment each must receive attention. Another significant 
fact brought out by the investigation is that only two- 
thirds of all the dust and dirt in the city is of fuel 
origin, the other third resulting from the general ac- 
tivities of the city. 

The subject of civic cleanliness, therefore, embraces 
more than smoke prevention or abatement, and a great 
deal more than the mere electrification of steam rail- 
roads within the city limits. That the committee real- 
ized this fact is clearly shown in its final recommenda- 
tion as to the best method of reducing the air pollu- 
tion of Chicago to a minimum. The committee sug- 
gests the creation of a permanent Pure Air Commis- 
sion empowered to supervise all city activities which 
produce one-third of the city’s dirt and to investigate 
and devise means of abating air pollution by railroad 
locomotives, steam boats, high pressure steam plants, 
metal foundries, etc., which produce the remaining 
two-thirds. 

The facts as brought out by this committee demon- 
strate the unfairness, unreasonableness and futility of 
forcing railroads to electrify their terminals purely on 
a basis of reducing air pollution. 


Inductive Interference of Singlee 
plaase Railways 


In another part of this number appears a comprehensive 
article describing the electrified suburban division on 
the Pennsylvania between Philadelphia and Paoli. One 
of the most important features of this installation is 
the novel method of reducing inductive interference of 
the railway traction current on telephone and telegraph 
lines adjacent to the railway. 

It will be recalled that only about a year ago a novel 
means was devised for accomplishing the same results on 
the electrified lines of the New Haven. This was de- 
scribed in the May, 1914, issue of the Railway Electrical 
Engineer. A comparison of the two methods will be of 
interest. a 

As earth currents are the cause of electrolysis diff- 
culties with the d.c. traction systems, these earth currents 
which stray away from the bonded rail return circuit of 
a.c. railways are the cause of all the troubles due to 
inductance. The problem then resolves itself into pro- 
viding means of confining the current of the grounded 
return circuit and keeping it within bounds. Where the 
rail currents are allowed to leak off into the ground they 
frequently follow a very deep path in their return circuit 
back to the power house, being in many cases, undoubt- 
edly, several thousand feet below the surface of the 
ground. This return current flowing at such a depth will, 
of course, have little or no effect in neutralizing the 
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induction of the current flowing through the trolley wire, 
and the trolley current will then have free rein in caus- 
ing all manner of disturbances in the adjacent telephone 
and telegraph lines. Where the return current is con- 
fined to the rails, however, or carried back to the power 
house by a separate feeder the inductive effect of the 
trolley current will be approximately neutralized by the 
inductive effect of the rail current or return flow cur- 
rent. 

As described in the May, 1914, issue of the Railway 
Electrical Engineer virtually a three-wire system is em- 
ployed on the New Haven, the rails being the neutral 
wire. A transmission voltage of 22,000 volts is employed, 
there being 11,000 volts between trolley and rails. Auto- 
transformers located every two miles along the right-of- 
way supply the 11,000 volt current for the car and inci- 
dentally withdraw all traction current from the rails at 
each transformer position.so that the only current flowing 
in the rails is that secondary current flowing from the 
auto-transformers to the locomotive. The return current 
is thus confined within proper bounds and the inductive 
disturbances on telegraph and telephone lines is reduced 
to a minimum. 

In the Pennsylvania electrification at Philadelphia, 
where 11,000 volts single-phase current is also employed 
as motive power, booster transformers are installed across 
insulated rail joints located about a mile apart. The 
primaries of these booster transformers being wound on 
a 1 to 1 ratio and connected in the main trolley circuit, 
force an equal amount of current to flow through the 
secondary coils and the rails at the point at which the 
booster transformer is located. 

In other words, these booster transformers have the 
effect of gathering up the stray ground currents and 
forcing them to flow back again through the rails. The 
inductive effect of the trolley current on adjacent tele- 
phone and telegraph lines is then approximately neutral- 
ized by the inductive effect of an equal amount of current 
flowing through the rails. 

In comparing these two methods it will be noticed that 
whereas the New Haven system has twice the transmis- 
sion voltage that the Pennsylvania has, and consequently 
requires but half the transmission current, with half the 
inductive effect, the New Haven transformers being in- 
sulated for 22,000 volts are necessarily much more ex- 
pensive than the Pennsylvania booster transformers, be- 
ing wound for only 11,000 volts. It would seem that the 
Pennsylvania installation might prevent the flow of earth 
current just as effectively as does the New Haven system 
and at a considerably lower transformer cost on account 
of the lower voltage employed. 


IA. R. HareJoinsRailway Electrical 
Kngineer Staff 


Mr. Kenneth R. Hare, formerly chief electrician of 
the Northern Pacific Railway, has been appointed as- 
sociate editor of the Railway Electrical Engineer with 
headquarters at the New York office of the company. 
Mr. Hare isa graduate of the University of Wisconsin, 
class of 1911, and after leaving school spent a year at 
the Schenectady works of the General Electric Com- 
pany. In the fall of 1912, he was appointed chief elec- 
trician of the Northern Pacific Railway where he re- 
ceived a wide experience in connection with railway 
train lighting, shop motor and general construction 
work. 


December, 1915. 


Electrification of 


at Pinal 


The electrification of the suburban service of the 
Pennsylvania between Broad Street station, Philadel- 
phia, and Paoli is the first work of this nature under- 
taken by that company in the vicinity of Philadelphia. 
Its primary purpose is to increase the capacity of the 
Broad Street station and thus relieve congestion at that 
terminal. This station is of the stub-end type, having 
16 station tracks approached by six main line and 
three yard tracks on an elevated railroad which crosses 
the Schuylkill river from West Philadelphia. At this 
point the routes divide toward the north for New 
York, toward the south to Washington and toward 
the west to. Pittsburgh. 

In addition to the through passenger service accom- 
modated at Broad Street station, there is an extensive 
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Map Showing Electrified Portion of the Pennsylvania Rail- 


Fig. 1. 
Y : road Between Philadelphia and Paoli. 


suburban service extending over six different routes. 
The growth of all business in recent years has been 
such that the limit in capacity of the station has been 
reached and many plans have been formulated and 
discussed for relief by physical enlargement of the sta- 
tion and its approaches, or by rerouting movements. 
All of these plans involved extensive reconstruction 
and required much time for their accomplishment so 
that some more expeditious method of obtaining relief 
was desirable. The possibilities of electric traction as 
‘a means to this end were studied by committees of 
operating officials. Their analyses and estimates in- 
dicated that during rush hours the relief which would 
be secured by the electrification of the Paoli suburban 
service alone would increase the station capacity by 
an amount equivalent to reducing the total number of 
trains by about 8 per cent. A similar increase in capac- 
ity would result from the electrification of other sub- 
urban lines; work in connection with one of these, the 
Chestnut Hill Branch, has already commenced. This 
increase in capacity is effected by the elimination of 
the shifting back and forth from one track to another 
of cars, while the movement of light power is avoided. 
There is also some gain in capacity resulting from the 
quicker acceleration of trains and the shorter length 
of track occupied by a given train when the steam 
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locomotive is not required. Relief thus afforded by 
the electrification of the Paoli and Chestnut Hill lines 
is estimated to be sufficient to take care of the normal 
growth of business for the next seven or eight years 
and the period of relief can be further extended by the 
electrification of other suburban lines, should the trial 
of this initial electric service meet expectations. 

It is estimated that under electric operation there 
will be a sufficient saving in operating costs, as com- 
pared with steam, to pay interest on the investment, 
which in this case is exceptionally large for the reason 
that the entire Broad Street terminal, with its elab- 
orate yard and approaches, form a part of the construc- 
tion required for a relatively small amount of train 
service. This is not an unfavorable result under the 
circumstances, meaning as it does that the increased 
capacity thus obtained will in part, at least, be self- 
sustaining, whereas increased capacity by physical en- 
largement would give no direct return on the heavy 
investment. In addition there are the other contingent 
and important advantages of electrification such as 
the higher speed of trains, more punctual service, es- 
pecially in bad weather, and more cleanly and attrac- 
tive conditions for the traveling public. 


The Electric System. 


A careful study of all phases of the problem, in- 
cluding service conditions, first and operating costs, 
available power supply, and the possible future elec- 
trification of the entire divisions affected, led to the 
conclusion that the most desirable system was one 
which used a high voltage, single, overhead contact 
wire and which eliminated rotating machinery in sub- 
stations. It was, therefore, decided to supply 11,000- 
volt, single-phase, 25-cycle power directly to the cars 
from a single overhead catenary trolley. 

While the studies which preceded this work involved 
the possible future electrification of several different 
railway divisions and classes of service, the present in- 
stallation covers only the suburban service from Phil- 
adelphia westerly to Paoli on the main line of the 
Philadelphia division and involves about 43 trains each 
way per day. From Broad Street station the main 
tracks are electrified for 20 route miles, including a 
coach yard at West Philadelphia and a coach and 
repair yard at the end of the electrified section at 
Paoli. The present electrification embraces about 93 
miles of single track. 


Power Supply. 


Power for traction purposes is purchased from the 
Philadelphia Electric Company and is generated in its 
main power station at Christiansen street on the east 
bank of the Schuylkill river about a mile south of the 
West Philadelphia passenger station. 

The power is delivered to the railroad company’s 
Arsenal Bridge substation directly across the river, at 
13,200 volts. There it is stepped up to 44,000 volts 
and by means of duplicate single phase overhead 
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transmission circuits is transmitted to the step-down 
substations. While the present service is on one phase 
only of the power company’s three phase generating 
system, the plan is to supply the succeeding or future 
electrification power requirements from the remaining 
phases. Special provision has been made by the power 
company to balance this single phase load and also to 
correct for the relatively low power factor in order that 
the full three phase capacity of the generating units 
may be available. 
Transmission. 


Three-phase, 25-cycle power at 13,200 volts is trans- 
mitted from the Philadelphia Electric Company’s gen- 
erating station to the railroad company’s Arsenal 
Bridge substation over four 350,000 C. M., 3-conductor 
armored submarine cables laid on the bed of the river. 
On the west bank of the river the submarine cables 
are connected to paper-insulated, lead-covered cables, 
which lead through clay ducts into the substation. 
Switchboard meters are provided on each of the in- 
coming 13,200 volt feeders. 

From the Arsenal Bridge substation to the West 
Philadelphia substation power at 44,000 volts is trans- 
mitted over four aerial single phase transmission lines, 
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Fig. 2. Schematic Diagram of the Single-Phase, High-Tension 

Feeaers Between the Phitadelphia Electric Company’s Power Sta- 
tion and the Railroad Company’s Substations. Each Line Repre- 
sents a Two-Phase Feeder. 
All four of these single phase lines tee into the West 
Philadelphia substation, two of them continuing on to 
the Bryn Mawr and Paoli substations. The other 
two will later go to the Chestnut Hill substation. 

Between the Arsenal Bridge and West Philadel- 
phia substations the four single phase transmission 
lines are carried on four two-pin steel cross arms at- 
tached to a structural steel pole which is supported by 
steel brackets from the side of the elevated structure. 
Beyond the West Philadelphia substation the lines are 
carried on the catenary supporting structures. Along 
the right-of-way the lines are carried on both sides of 
the track. Horn gap switches for sectionalizing are 
installed on the roofs of the West Philadelphia, Bryn 
Mawr and Paoli substations. Lighting arresters are 
installed on the roofs of all substations. 

Each of the single phase transmission lines consists 
of two No. 00 seven strand, hard drawn copper wires. 
Wires of. the same circuit are spaced 5 ft. apart on 
the cross arms. Where there are more than one circuit 
on a pole, the vertical spacing is 3 ft. 6 in. The lines 
are protected by a 3 in. stranded steel ground wire 
on the top of the poles. 

Under the Belmont and Girard avenue bridge, which 
on account of its width approaches tunnel conditions, 
the lines are covered with rubber and varnished cam- 
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Fig. 3. Transformer Substation at Paoli, Pa., Showing Equip- 
ment on the Roof and Method of Bringing Out High-Tension Trolley 
Feeders. 


bric insulation. At either side of the bridge the insu- 
lation is tapered off inside a porcelain sleeve filled with 
compound. The wire continues on through the sleeve 
and is jointed with the bare wire outside. 

The pin type porcelain insulators used on the trans- 
mission lines are 8 7/16 in. high and 12 in. in diame- 
ter, and are made up of four parts. These insulators 
withstand the following tests: 

Dry tashovercitaeena eon 165,000 volts 
Wiethtashoviemaurcn mone nite 120,000 volts 
PatictUre nn Secs see aoe 250,000 volts 

After erection, the transmission lines were tested 
out at a potential of 66,000 volts, or three times the 
working pressure, to ground. 

At the Arsenal Bridge substation the lines are pro- 
tected by time limit relays which operate on over- 
load and on an unbalanced load in either leg caused 
by a ground. In the other substations the relays 
operate only differentially. In case of a ground be- 
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Fig. 4. View of the West Philadelphia Substation Showing En- 
trance of the Four Single-Phase 44,000-Volt Lines from the Arsenal 
Bridge Substation. The Method of Carrying These Lines on the 
Elevated Structure is Clearly Shown at the Extreme Right. 


tween substations, the circuit on which the trouble 
occurs will be cut out first in three of the substations 
and finally at the Arsenal Bridge substation. 
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Substations. 

Transformer substations are provided for stepping 
up the voltage for transmission and for reducing it at 
suitable points along the railroad to that required for 
the contact conductors. 

The substation equipment is housed in substantial 
fireproof brick buildings adjacent to the tracks. The 
lightning arrester equipment and high tension feeder 
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of the 44,000 volt transmission lines is, therefore, lim- 
ited to 22,000 volts. 

Power at 110, 220 and 440 volts and 25 cycles for 
the operation of oil switches, for electric lights and 
for other miscellaneous purposes, is obtained from the 
high-tension buses through suitable step-down trans- 
formers. 

In addition, an emergency supply of 60 cycle power 


Fig. 5. 


sectionalizing switches are located on the roof, the 
bus bars and switching equipment on the second floor, 
and the transformers on the ground floor. 

The installed capacity of the substations are as fol- 
lows: 


AaSeHale Tid Sens. sa. 3—5,000 K.V.A. step-up transformers 

West Philadelphia..... 2—3,000 K.V.A. step-down transformers 
Bayi Wa wi taesccuces > 2—2,000 K.V.A. step-down transformers 
JEAN: opie Aenea phe eaerae 2—2,000 K.V.A. step-down transformers 


Space is provided in all substations for 100 per cent. 
increase in capacity. 
The transformers in all substations are of the 25 
cycle, single phase, oil-insulated, water-cooled type. 
The primaries of the step-up transformers in the Ar- 
senal Bridge substation are wound for 13,000 volts, 
the secondaries for 44,000 volts. The primaries of the 
step-down transformers in the other substations are 
wound for 44,000 volts, the secondaries for 11,000 volts. 
Several voltage taps are provided on the primary and 
secondary coils of all transformers. In each substa- 
tion a transformer truck and chain hoist are provided 
for handling the transformers and cores. [ach trans- 
former case is also equipped with a thermostat which 
operates an alarm bell in case of high temperature in 
the transformer. Oil filtering and drying apparatus 1s 
located in each stibstation and a tank is provided into 
which the oil may be drawn from the transformers. 
The neutral points of the high tension windings of 
the step-up transformers are grounded through a grid 
resistance. The potential to ground from either side 


Arrangement of Bus-Bars and Switching Equipment in a Typical Substation. 


is provided in all substations to trip circuit breakers in 
case of the loss of the 25-cycle traction power. 

Except in the West Philadelphia substation where 
the power director or system operator is located, there 
are no attendants. A switchboard with the necessary 
instruments, controllers and indicating lamps, is pro- 
vided in signal towers near the Arsenal Bridge, Bryn 
Mawr and Paoli substations. This board is connected 
with the board in the substation through a control 
cable, which arrangement permits the tower man to 
open and close all circuit breakers in the substation 
from his station in the tower. Telephones are pro- 
vided in all substations and in the signal towers con- 
trolling them so that the power director is in constant 
touch with all substations and tower men. An alarm 
bell connected to the thermostat on the transformers 
is located in each signal tower. 


Catenary System. 


In order to try out the various types of structures 
and details considered for this work, an experimental 
four-track section about a mile long was completely 
equipped in the fall of 1913. An examination and 
study of this led to the adoption of what is called the 
“tubular cross-catenary bridge” for carrying the cate- 
nary trolley wires. 

A photograph is shown of one of these structures 
before any longitudinal wires were erected. On either 
side of the tracks a tubular steel pole is set and grouted 
into a concrete foundation. Each pole has a double 
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guy anchoring it away from the tracks. Spanning 
the tracks between the poles are the two cross wires 
forming the cross catenary bridge which carries the 
longitudinal messenger and trolley wires. ‘This type 
of structure has been used throughout wherever the 
property or arrangement of tracks will permit. Where 
there is no room for guying, self- supporting structural 
steel posts have been used. 

The tubular poles are built of various lengths, sizes 
and weights of steel pipe welded together. The guys 
are solid steel rods with heavy turnbuckles near the 
ground end to permit of adjustment. Numerous ex- 
periments and tests were made to determine the hold- 
ing power and economy of various forms of guy an- 
chors. The anchors finally adopted are of the dead- 
weight type, each consisting of a concrete slab rein- 
forced with old rails. Where the guy rods pass up 


Fig. 6. 


Tubular Cross-Catenary Bridge Before Longitudinal Wires 
Were Erected. 


through the soil they are protected against corrosion 
by means of a steel pipe, the space between the pipes 
and the rod being filled with grout. The guy rods 
are attached to the pole by heavy steel castings. 

The cross wires are of extra high-tension galvanized 
steel strand, the upper strand usually being 34 in. and 
the lower one % in. in diameter. Both are socketed 
at each end, and at one side a turnbuckle is installed 
to permit adjustment. The top and bottom cross 
wires are joined together by a 34 in. vertical rod and 
suitable malleable iron clamps, etc., at the points 
where the insulators carrying the longitudinal wires 
are located. 

Each of the insulators that are supported by the 
cross catenary wires consists of three suspension type 
units, the porcelain being 8 in. in diameter. The flash- 
over value of the complete insulator is many times 
that of the line voltage. The cross wire bridges are 
located about 300 ft. apart on tangents, but are closer 
on curves. After the bridges were erected, insulators 
were suspended over the center of the track on tan- 
gents and offset towards the outside of the track on 
curves. The main messenger wire was then strung 
out and suspended from them. This is a %-in. extra 
high tension 7-strand double-galvanized steel cable, 
having a sag of 5 ft. in a span of 300 ft. Every mile 
or two this messenger is socketed and dead-ended on 
one of the heavy structural signal bridges which are 
placed about %4 mile apart. Where so dead-ended the 


RAILWAY ELECTRICAL. ENGINEER 


Vols 7) Now7. 


Fig. 7. 


Catenary System Over Curved Track. 


messenger is insulated from the signal bridge by two 
or more sets of the three unit suspension type insula- 
tors used for suspending the messenger from the cross 
wires on other bridges. 

An auxiliary messenger wire and the contact or trol- 
ley wire are suspended from the main longitudinal 
messenger wire by suitable hangers. The hangers 
are placed 30 ft. apart over tangent track and 15 ft. 
apart over curved track. On tangents, the casting at 
the bottom of the hangers holds the auxiliary messen- 
ger only; the trolley wire is then supported from this 
auxiliary messenger every 15 ft. at points midway be- 
tween the hangers. This insures a flexible and smooth 
riding trolley wire. On curves the casting at the bot- 
tom of the hangers holds both the auxiliary messenger 


Fig. 8. 


Catenary Construction at the Paoli Yard. 


and trolley wire. Except at overhead highway bridges 
the trolley wires are carried about 22 ft. above the 
top of the rail. . 
In the Terminal division, which includes the first 
five miles from Broad Street station, where the steam 
locomotive traffic is very dense, and where there is 
much smoke and corrosive gas, a non-corrodible tube 
hanger is used. Some of the tube is Monel metal, 
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Wrought Iron Trolley Hanger and Method of Its Attach- 
ment to the Wires in Curved Track Construction. 


Fig. 9. 
while the balance is a bronze mixture containing 90 
per cent. copper. On the Philadelphia division, where 
there is relatively less steam traffic, wrought iron 
strap hangers, 1 in. wide by 3/16 in. thick, are used. 
The main messenger cable at the hanger clip is pro- 
tected from corrosion by a collar of zinc inside of the 
annealed brass or Monel metal clip, which is bolted 
to the hanger strap. The flat hangers were given a 
quarter turn so as to have the widest dimension in a 
vertical plane, the idea being to minimize the area 
exposed to the wind in a direction crosswise with the 
tracks, and also to better resist bending when placed 
on curves. 


Fig. 10. 


Non-Corrodible Tube Trolley Hanger. 


The auxiliary messenger wire is of No. 0 round B. 
& S. solid copper, and its purpose is to give the nec- 
essary current capacity to the system. The contact 
wire is a No. 000 grooved B. & S. “Phono-electric” 
trolley wire. 

The tensions in both the auxiliary messenger and 
trolley wires are selected so that in extreme hot 
weather there will be enough tension to prevent sag- 
ging and yet in extreme cold weather the contraction 
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will not cause stresses beyond the elastic limit. 

The catenary system over each of the four main 
tracks is separated electrically from those over the 
other tracks, and trolley sectionalizing points with 
switches are provided at all crossovers so that sections 
of the line may be temporarily cut out of service for 
repairs. 

On the main running track sectionalizing is of the 
“air-brake” type, the trolley wire of one section pass- 
ing the trolley wire of the other section at the same 
level so that the pantagraph may come in contact 
with both. The ends of both trolley sections are then 
raised, insulated and dead-ended. 

At crossovers and in yards the trolley wires are sec- 
tionalized by means of wood stick insulators, having 
runners on each side so arranged that while the panta- 
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Special Car for Erecting Catenary Work; Removable 
Outriggers Make It Possible to Work Over Adjacent Track With- 
out Interruption to Traffic. 


graph always makes contact with at least one of them 
they are separated electrically. Switches of the dis- 
connecting knife blade type are mounted on top of the 
wood insulators. They are operated from the ground 
by a long impregnated wooden switch stick. 

The electrified route is crossed in many places by 
overhead highway bridges, some of which are not high 
enough above the tracks to permit the trolleys being 
carried at the normal height of 22 ft. In such cases 
if it was impracticable to raise the highway bridge 
the trolley wires gradually dip and go under the 
bridges at a height less than 22 ft. 

The catenary bridges are so located that these high- 
way bridges come in the center of a span where the 
vertical height necessary to clear the catenary system 
is a minimum. Each catenary system, as it passes 
under a highway bridge, is steadied by being held 
with post type insulators mounted on brackets fas- 
tened to the bridge structure. 

To prevent pedestrians on the bridges from touching 
or interfering with the wires solid wooden fences, 
either vertical or inclined, and of sufficient height to 
shut out all view of the wires, have been erected. In 
order fully to protect the trainmen, general orders 
have been issued that no men are allowed on top of any 
car in the electrified zone. 

An interesting detail in the erection of this cate- 
nary work was the use of special construction cars, 
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the top platforms of which could be readily raised or 
lowered by chain hoists. These cars were also equipped 
with removable outriggers so that in the four-track 
section the work could be completely erected over a 
track adjacent to the one on which the car was stand- 
ing without interfering with the regular steam traffic 
on that track. 


Bonding. 


In order to furnish a circuit for the return of the 
traction current to the substations, each rail joint of 
the main line tracks is double bonded with two pin 
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mately unity. The secondary coils of these transform- 
ers are connected across insulated joints in the track. 
Consequently as all trolley current must flow through 
the primary coil the secondary coil insures that all the 
returning traction current, at this particular point of 
the circuit at least, must pass through the rails. In 
this manner the traction current is prevented from 
taking earth returns in parallel with the track or if 
there is a tendency between these booster transformers 
for the traction current to seek an earth return this 
tendency is corrected at the next booster transformer 
which constrains or picks up all the traction current 
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Fig. 13. Plan View Showing Large Amount of Ground Currents Flowing Between Motor Car and Power Station When Booster Trans- 
formers or Some Other Corrective System is not Employed. 
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Fig. 14. The Use of Booster Transformers Confines the Greater Part of the Return Traction Current in the Rail and Thereby Elimi- 
nates Objectionable Inductive Effects on Adjacent Telephone and Telegraph Lines. 


type, expanded terminal, No. 0 B. & S. bonds. One 
end of each bond has a welded terminal, while the 
other end has a soldered terminal. With this arrange- 
ment it is possible to-install the bond by slipping it 
behind the splice plate. Through the interlockings 
only one rail of each track is bonded. The bonded rails 
of the various tracks are, however, connected together. 

The track rails are sectionalized at each signal block 
by insulating joints, across which are placed impedance 
bonds. These impedance bonds allow the passage of 
the traction current, but sectionalize the track so far 
as the 60-cycle signal current is concerned. 


Booster Transformers. 


To minimize the inductive effect of the traction cur- 
rent on adjacent telephone and telegraph wires, a 
special system has been installed. This consists of 
series or booster transformers located: about a mile 
apart. These transformers are mounted on the signal 
bridges and the current in each of the trolleys is con- 
strained to pass through a primary coil of the trans- 
former, thus inducing an equal current in the second- 
ary coil, the ratio of the transformers being approxi- 


and again starts it through the rail. A typical signal 
bridge with these booster transformers is shown in 
Fig. 17. By thus confining: the return traction current 
in or near the rails and therefore keeping it as near 
the trolley as possible, its inductive effect on adjacent 
telephone and telegraph lines is practically eliminated. 
This is of course in complete harmony with the laws 
governing mutual inductance which are to the effect 
that the closer two wires of the same circuit are to 
each other the less their self-inductance and therefore 
the less their mutual inductance on a near-by parallel 
circuit. 

Diagrammatic sketches showing how the use of 
booster transformers confines the return traction cur- 
rent to the rail, thereby eliminating its inductive: 
effects on parallel telephone and telegraph lines, are 
shown in Figs. 12, 13 and 14. The transformer con- 
nections and the current distribution are shown in Fig. 
12. It is, of course, understood that the sketch shows 
a rather ideal condition. In actual practice small, 
negligible ground currents will no doubt flow on past 
the insulation joints, in which case the booster trans- 
former will cause an equal current to flow in the re- 
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verse direction around the insulation joint through 
the ground so as to bring the value of the secondary 
current up to that of the primary or trolley current. 
The wide spreading of the return traction current 
that would be expected in case no booster transform- 
ers were employed is illustrated in Fig. 13. Fig. 14 
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transformer, thus affording doubly fed connections. 
The armature short-circuit is removed when operating 
as doubly fed motors. Subsequent steps are obtained 
by increasing the voltage across the auxiliary field and 
across the motors. 

Each motor has an hourly rating of 225 h.p. and a 


Fig. 15. 


Multiple Unit Train on the Electrified Portion of the Pennsylvania Between Philadelphia and Paoli. 


Each Car is a 


Motor Car, No Trailers Being Used. 


shows that, by using the booster transformers the 
amount of current seeking a ground return is reduced 
to a minimum. 


Car Equipment. 


One of the interesting features of the electrification 
was that the standard suburban steel coaches of the 
type used in the regular steam service have been used 
for the electric service without structural changes. 
This was made possible by the fact that the require- 
ments for mounting electrical apparatus on the cars 
had been thoroughly considered at the time when the 
steel car was introduced on the railroad. A typical 
multiple unit train is shown in Fig. 15. 

The rolling stock equipped for electric service con- 
sists of 93 standard all-steel cars. Tighty-two are 
passenger, nine combined passenger and baggage, and 
two combined baggage and mail. All cars are motor 
cars designed for double end operation. No trailers 
will be used. 

The main circuit connections are shown schematic- 
ally in Fig. 16. Current is collected from the over- 
head wire by a pantagraph trolley and is conducted to 
the main transformer through the line switch which is 
an oil circuit breaker. Various voltage taps are made 
on the secondary of the transformer and connections 
are made to these various taps in the proper sequence 
by means of unit switches. This sequence is also in- 
dicated by Fig. 16. 

The motors, which are connected in series, are start- 
ed and operated up to approximately 15 m.p-h. as re- 
pulsion motors, with the auxiliary or compensating 
field, the armature, and the main field in series. With 
these series connections, the armature is short-cir- 
cuited through resistance. Resistance is also inserted 
in series with the motors on the first step and is cut 
out on the second step. The third step changes the 
connections to energize the auxiliary field from one 
portion of the transformer and the armature and main 
field, connected in series, form another portion of the 


continuous rating of 200 h.p. with 300 volts across the 
armature circuit when ventilated with 1,200 cubic feet 
of air per minute, and is provided with a 24-tooth 
pinion which meshes with a 55-tooth flexible gear. The 
armature is of standard construction, the commutator 
and the laminations being mounted on the spider, the 
former being undercut 1/16 in. The armature is wave- 
wound, cross-connected and no resistance leads are 
used between the windings and the commutator. The 
field windings consist of two entirely independent sets 
of coils; one, the main field circuit for producing the 
effective magnetic field; and the other an auxiliary or 
compensating winding which balances the armature 
reaction on the field and, in addition, has a neutraliz- 
ing effect on the sparking voltage. The field consists 
of six poles, the coils being of copper bars suitably 
insulated, connected at the ends by straps. 

The flexible gear, as shown by Fig. 18, is made up 
of a rim, on which the teeth are cut, a center, a cover 
plate and spring details. The rim is spring mounted 
on the center, the periphery of the center and the 
cover plate acting as the bearing surfaces for the rim. 

The pantagraph is of especially light construction. 
The springs which raise it are designed to give flexi- 
bility to the framework, so that in operation a slight 
dragging of the trolley takes place, resulting in its 
following the wire much closer than with a rigid 
framework. In addition, the shoe is spring mounted 
on the framework. The trolley is provided with four 
insulators suitable for 11,000 volt service, and the 
whole mechanism is mounted on a base provided with 
insulators similar to those of the trolley, thus pro- 
viding double insulation. The trolley is lowered and 
unlocked by air at 70 lb. pressure. A small hand pump 
is provided for unlocking the trolley when no air pres- 
sure is available. 

The transformer is of the two-circuit air-blast type 
and is suspended from the center sill-of the car as close 
to the motor truck as possible. The high tension leads 
are brought in the end of the transformer nearest the 
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motor truck and the low tension leads are taken from 
the opposite end of the transformer. Ventilating air 
is taken in at the low tension end and is discharged 
at the high tension end through especially constructed 
hoods which cover the air outlets to prevent the 
entrance of rain and wheel wash. The coils are mount- 
ed vertically and are bakelized, thus giving an insu- 
lation which will withstand high temperature without 
damage. 

Nine electro-pneumatic operated switches of stand- 
ard construction are mounted in one group. The right 
hand end plate of this group is provided with covers 
and forms the base for the reverser. The current 
limit and the control terminal board are also mounted 
on this end plate, at the right-hand side of the reverser. 
The reverser drum is built of bakelized micarta tub- 
ing on which are mounted the contact plates, and is 
electro-pneumatically operated. 

The limit switch is of novel construction. The cur- 
rent coil which is connected in the auxiliary field cir- 
cuit of the motor surrounds a plunger which carries 
the control contact disc. The two settings of the limit 
switch are obtained by changing the weight of this 
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Fig. 16. Schematic Diagram Showing Connections of the Doubly 
Fed Motors. 
plunger. This is done by lifting a weight from the 


plunger by means of a battery coil mounted above the 


current coil. 

The master controllers are of the single handle type. 
Two plug receptacles are embodied in this controller 
and a single plug is attached to the handle by a chain. 
Placing the plug in the “cutout” receptacle completes 
the circuit energizing the line switch valve magnet 
and also connects the controller drum to the battery 
positive wire. Placing the plug in the “reset” recep- 
tacle connects the reset-wire to the battery positive 
train line wire. Nine controller positions are pro- 
vided; an emergency or “dead man’s” position in. the 
center, and an “off,” first, second and third running 
positions, for both forward and reverse movements. 
The controller drum is spring returned, and if released, 
will return to the middle or emergency position. In 
this position, the control is cut off and a valve magnet 
is energized which releases air from and operates a 
brake pipe relay, thus applying the emergency brake. 
This emergency circuit is local for each car. Each con- 
troller also has two push button switches for unlocking 
or lowering the trolley. To unlock the trolley, the 
control plug must be in the “cutout” receptacle, but 
the trolley may be lowered without the plug being 
in place. Each controller is mounted at the right-hand 
side of the vestibule, together with the motorman’s 
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brake valve, the signal whistle and magnet, and the 
cab heating equipment. This is shown by Fig. 19. 
When not being used, the end vestibule door is swung 
back to cover all this apparatus. 

Control energy is obtained from a motor generator 
set operating in parallel with a battery. The motor 
is of the single-phase induction type with a starting 
winding that is cut out of circuit when the motor has 
attained speed. 
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Fig. 17. Signal Bridge, Showing Anchor Insulators in the Main 
Catenary Messengers. A Booster Transformer is Shown Near the 
Top of Each Leg of the Bridge. 


Ten control wires, including the battery plugs and 
ground wires, are required between cars for control 
operation. Nine of these are carried between the cars 
through a nine-point receptacle and jumper and the 
tenth is carried on the seven-point train line required 
for the electric brake circuits described later. The 
two nine-point control receptacles are mounted on 
each end of the car, one on each side of the coupler, 
and are connected in multiple. 

A line or voltage relay is provided for cutting the 
d.c. control generator from battery, and also to operate 
two small emergency lights, and headlights in case the 
traction power should fail. This relay, together with 
the lighting fuses, control governor and heater switch- 
es and compressor motor switch, is mounted on a panel 
placed in the vestibule cabinet at the motor end of the 
car. This switchboard is of slate and all apparatus 
mounted on it is front-connected, thus facilitating in- 
spection. 

The fan for ventilating the transformer and motors 
is a 21 in. single inlet Sirocco wheel, and is mounted 
on the shaft of the motor which drives the compressor. 
The motor drives the fan continuously and the pinion 
driving the compressor is connected to the motor by 
a disc clutch. This clutch is normally held closed by 
a spring and the governor operates a magnet valve 
which opens the clutch by air pressure. The motor 
is of the doubly fed type and operates at approximately 
980 r.p.m. at normal voltage with the combined loads 
of the fan and compressor, while the speed with the fan 
alone is approximately 1,300 r.p.m. 

The air brake equipment of each car consists of two 
main reservoirs with radiating pipes, one safety valve 
on the main reservoirs, one compressor governor, two 
motormen’s brake valves, with feed valves and reduc- 
tion limiting valves, two combined equalizing and re- 
duction limiting reservoirs, one emergency or quick 
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recharge reservoir, one auxiliary and one service reser- 
voir, one universal valve, one main reservoir bypass 
and limiting valve, one double check valve, one brake 
cylinder, one automatic slack adjuster, two duplex 
air gages, four seven-point train line receptacles, one 
seven-point train line jumper, one brake pipe, one main 


Fig. 18. Flexible Gear with Cover Plate Removed. 


reservoir pipe, and one set of accessories, which in- 
cludes cutout cocks, air strainers, hose, dirt collectors, 
switches, etc. This equipment is designed so that it 
may be used either in steam or electric service, and 
differs from the ordinary pneumatic brake in that the 
brake pipe reduction is made on each car by means of 
electric control instead of being made entirely with 
the engineer’s brake valve. The addition of electric 
control to the pneumatic brake does not change its 
function in any way, but shortens the time required to 
get the brakes applied on all cars. 

The motorman’s brake valve contains both electric 
contacts and pneumatic parts, the electric portions 
being mounted above the pneumatic portions. There 
are six positions: (1) the release and running, (2), 
the electric holding, (3) the handle off, (4) lap, (5) 
service, and (6) emergency. The first named position 
is to the left and in this position all train brakes are 


released and the system charged. The “electric hold- 


ing” position, as the name implies, holds the train 
brakes through electric control system but recharges 
the system. Pneumatically, this position is identical 
with the release and running position. All ports are 
closed in the “handle off” position, and the handle may 
be removed; in the “lap” position, the ports are also 
closed. The “service” and “emergency” positions are 
for applying the brakes for service or emergency ap- 
plication. In making a service application, a limiting 
valve in conjunction with the brake valve allows a 
maximum reduction of 20 lb. in the brake pipe. A 
small cutout plug is provided for cutting out the elec- 
tric operation when desirable. The main reservoir 
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pressure carried is 100 lb. and the brake pipe pressure 
is 70 lb. 

Eight wires, including the battery plugs and ground 
Wires, are required for the electric control of the 
brakes, for governor synchronizing and for train sig- 
naling. Since the two battery wires are common to 
the brake control and the unit switch control, a seven- 
point receptacle and jumper is used to carry the brake 
control wires. Two receptacles are mounted on each 
end of the car and on each side of the coupler and 
are connected in multiple in the same way as the nine- 
point receptacles for the unit switch control. 

Trains of from two to seven cars are operated in 
regular service, the average acceleration on a straight 
level track being approximately one m.p.h.p.s. up to 
30 m.p.h. with a balancing speed of 60 m.p.h. 


Engineering and Construction. 


The design and construction of the electric installa- 
tion was carried out by Gibbs & Hill, consulting elec- 


Motorman’s Position in Right Hand Side of Vestibule. 


Fig. 19. 


trical engineers for the company, in co-operation with 
the engineering department and the officials of the 
road. All construction except that of substation build- 
ings and inspection building, which were covered by 
outside contracts, was carried out by a specially or- 
ganized force. 

The mounting of the multiple unit car equipment 
on the cars was carried out by the railroad forces at 
the Altoona shops under the direction of the motive 
power department. The signal equipment and changes 
in telegraph and telephone lines were designed and 
installed under the direction of the signal and tele- 
graph departments respectively of the railroad com- 
pany. 
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Smoke Abatement Report of Chicago 
Association of Commerce 


Abstract of the Million Word Report 


The complete electrification of the Chicago railroad 
terminals as a means of abating smoke is technically 
practical, but financially impracticable. This is the 
finding of the Chicago Association of Commerce Com- 
mittee of Investigation on Smoke-Abatement and Elec- 
trification of Railway Terminals, which has been 
studying the problem since early in 1911. 
mittee, in addition, holds that the elimination of steam 
locomotives alone would produce a hardly perceptible 
betterment of the Chicago atmosphere, and urges the 
appointment of a permanent Municipal Pure Air Com- 
mission which both through instruction and coercion 
shall reduce all sources of air pollution to a minimum. 

The association committee, as a result of its pains- 
taking investigations, reaches the following conclu- 
sions: 


That the minimum cost of electrification as a means 
in smoke-abatement) would: betwss.-.-.- 22-2 -r1s 
That the more probable cost, due to the necessity for 
improvements and rearrangements, which would be 
precipitated by electrification, would be.......... 
That the least net annual operating deficit produced 
by electrification would be 


$178,127,230 


$274,440,630 


eC es 


$14,609,743 


That Chicago, under the state constitution, cannot 
aid in meeting this expense. 

That an arbitrary or tax on terminal traffic to sup- 
port the capital for electrification would constitute a 
burden upon the business interests of Chicago. 

That the cost would be so heavy that no court would 
uphold an electrification ordinance. 

That the Chicago electrification would equal the 
combined electrifications of the whole world, would 
involve problems never heretofore met, and would be 
the first ever undertaken for air betterment where ter- 
minals were adequate from an operating viewpoint. 

That before the steam locomotive is eliminated pol- 
lution must first be reduced to a minimum from the 
three more damaging services, high-pressure steam 
plants, metallurgical and other manufacturing furnaces 
and domestic fires. 

That the steam locomotive stands third among 
smoke-producing services, using but 12 per cent of the 
fuel consumed, and that its elimination would reduce 
the gaseous pollution of the air only 5 per cent and 
the solid pollution less than 4 per cent. 

That electrification, long-distance transmission be- 
ing inapplicable, would add power-house smoke in 
quantities sufficient to offset much of the gain through 
elimination. of locomotive smoke. 

That suburban passenger services, such as those of 
the Illinois Central and other roads, produce but 1.54 
per cent of the total visible smoke, and 1.97 per cent 
‘of all the dust and cinders. 

That electrification would involve at least 3,476.4 
miles of track. 

That electrification would subtract only 1,291,282 


The *com-— 


tons of coal from the total of 21,208,886 tons now con- 
sumed annually in the city. 

That all smoke regulation in Chicago and elsewhere 
has erred in confining itself to the visible aspects of 
smoke, whereas the really harmful factors are the in- 
visible gases and the solids of combustion, sulphurous 
gas and mineral dust in particular. 

That, despite the fact that Chicago burns more coal 
annually than any other large city—eight tons per 
capita as against four for Manchester and one and 
one-half for Berlin—its air is better than that of most 
large cities. 

That the Loop is the smokiest district, with the stock 
yards and South Chicago a close second and third. 

That, in Chicago air, the products of combustion 
constitute only two-thirds the total pollution, the other 
third being due to avoidable and unavoidable dirt from 
the general activities of the city and from poor munic- 
ipal housekeeping. 


Practicability of Electrification. 


As regards the financial practicability of electrifi- 
cation the committee submits these findings: 

“The complete electrification of the railroad termi- 
nals of Chicago as a betterment to be brought about 
by the railroads through the investment of free capital 
is, under present-day conditions, financially impracti- 
cable. 

“The financial practicability, under present-day con- 
ditions, of electrification as it might be applied to in- 
dividual roads or to a single service of individual 
roads, is a matter which has not been investigated by 
the committee and concerning which no opinion is 
expressed. 

“The credit of the individual railroads, the proper- 
ties of which make up the Chicago railroad terminals, 
differs greatly. Some have high credit and could se- 
cure funds for almost any project which their man- 
agements might care to propose; others must prove 
the profitable character of a particular project before 
underwriters would consider the placement of their 
securities; others would find it difficult to borrow on 
reasonable terms even if the particular project for 
which the funds are sought promises some return; and 
still others are in the hands of receivers, their admin- 
istrative function being performed by the courts. These 
facts cannot be overlooked in estimating what portion 
of the potential credit of the railroads is available for the 
purpose of electrification. 

“Certain railroads making up the Chicago terminals 
operate entirely within the prescribed zone, while for 
others the great predominance of traffic lies outside the 
terminal limits. There is more to this contrast than is 
implied by the fact that some of the roads involved 
are switching roads while others are long-haul freight 
and passenger roads. Complete electrification, from a 
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financial point of view, would affect but a relatively 
small part of the fixed investments of some roads, while 
for others it would require practically the rebuilding of 
the property. 

“Electrification is a matter which may present great- 
er advantages in connection with certain classes of 
service than with other classes; for example, the elec- 
trification of a railroad having a large suburban 
business would be more effective in developing opin- 
ion favorable to the railroad concerned than the elec- 
trification of a road the activities of which are wholly 
those of freight switching yards. A few only depend 
upon passenger traffic within the city limits for any 
considerable amount of their revenue. A larger num- 
ber derive passenger revenue within the terminals 
from the movement of through passengers only ; while 
other roads perform little passenger service or no 
passenger service at all. 

“The extent to which individual railroads have re- 
cently made large capital expenditures for terminal 
improvements, track elevation and enlargement of 
facilities in Chicago, and the extent to which they are 
committed to further expenditure for these purposes, 
must have a material bearing on their ability to make 
expenditures for new projects.” 

The committee holds that the city might well be 
expected to share in the burden of electrification, 
seeing that it would be undertaken for the public 
benefit, but a perusal of court decisions shows that this 
is impossible. Moreover, the report points out that 
it would be impossible for the city, under present 
constitutional and statutory limitations, at least for 
some years to come, to raise the necessary funds with- 
out the issuance of bonds beyond the authorized limit. 

Realizing that many public spirited citizens will not 
understand its decision, in the light of reports of elec- 
trifications in New York and elsewhere, the commit- 
tee points out the essential differences between elec- 
trification at Chicago and those installations that have so 
far taken place in other cities. Nowhere in the world has 
a steam railroad been electrified to avoid the pollution of a 
city’s atmosphere. Nowhere has a terminal been electri- 
fied when that terminal has been satisfactory from an 
operating standpoint. No electrification in existence, 
either in America or abroad, is comparable, in scope 
and diversity of service, with that involved in the 
electrification of the Chicago terminals. A wide gap 
exists between that which has been accomplished and 
that which would have to be done before local electrifi- 
cation would become a success. 

“Some of the electrifications that have been most 
widely heralded as such were in fact only a subordi- 
nate, though necessary part of a greater scheme for 
terminal enlargement. The New York Central, the 
New York, New Haven & Hartford, and the Penn- 
sylvania electrifications are not alone projects of elec- 
trification; primarily they are an essential detail of 
a new tunnel entry into the heart of New York City. 
These projects must necessarily stand upon a different 
basis than the Chicago proposal, where physical con- 
ditions absolutely requiring electrification are lacking 
and where physical conditions and the nature of the 
traffic would make electrification extremely difficult.” 

The committee finds that elsewhere steam roads 
have been electrified for these reasons: 

“(1) Electrification has most frequently been em- 
ployed in operating suburban passenger service. 
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“(2) It has been used for all passenger service in 
connection with the intensive development of great 
passenger terminals where underground operation has 
been involved. 

“(3) It has been used for both freight and passenger 
operation in tunnels. 

“(4) It has been applied to sections of through lines 
of route to improve operation of both freight and 
passenger service on difficult grades. 

“(5) It has been applied to sections of through route 
lines in anticipation of operating economies through 
the utilization of water or other relatively inexpensive 
centralized power. 

“(6) It has been employed by a single railroad in 
this country in the operation of three switching yards, 
the work of which must still be regarded as being in 
an experimental stage.” 

Notwithstanding the engineering difficulties that 
would have to be overcome in electrifying the termi- 
nals, the committee believes that these difficulties can 
be surmounted. Its work leads it to the conclusion 
that the only feasible means of electrification will be 
by the overhead contact system or trolley. Great ob- 
stacles exist to the installation of any system, but it 
is believed the trolley wire more nearly meets all 
demands than the third rail. The committee states its 
conclusions as follows: 

“(1) A limited mileage of track in Chicago (ap- 
proximately 1 per cent of the total) cannot be equipped 
with any system of contact. The electrification of 
this not technically feasible. 

“(2) While the third-rail system of contact might 
be extensively used in Chicago, there are, at intervals 
throughout a considerable percentage of the total 
trackage, conditions which would make difficult the 
use of this form of contact. The third rail is applied 
with difficulty wherever special track work abounds, 
where street and railroad crossings occur at frequent 
intervals, and in switching yards. In locations where 
employees must be between or must cross tracks, as 
in freight yards, it constitutes a physical obstruction 
which is highly objectionable. For these reasons the 
third rail is not considered feasible for general use in 
the Chicago terminals. 

“(3) The facts developed show that any form of 
overhead contact which can be placed high enough 
above the rail to give the clearance necessary to permit 
men to ride and perform necessary duties on the tops 
of freight cars is not objectionable from a technical 
point of view. The application of an overhead contact 
system to the terminals of Chicago will, however, re- 
quire the contact wire to be lowered in many places 
in order that it may pass under structures presenting 
minimum clearance. The great number of points at 
which the contact wire must be lowered will require 
the installation of many warning devices, or the en- 
forcement of rigid rules governing the presence of 
trainmen on tops of cars.” 


Air Pollution. 


The study of atmospheric pollution carried on by 
the committee is said to be by far the most extensive 
and scientific ever attempted. All the committee’s 
figures, both on smoke and on electrification, are for 
the year 1912. The total annual per capita consump- 
tion of coal in the city limits was 7.7 tons. The aver- 
age square-mile consumption of coal within the city 
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limits was 10,797 tons for steam locomotives as against 
79,436 tons for all other services combined. In the 
industrial centers and the heavily populated districts 
the steam locomotive coal consumption and smoke 
production is small when compared with the total 
volume for all sources. In outlying districts, where 
the population is small and where there is no grouping 
of industries, the steam locomotive sometimes becomes 
the greatest smoke producer. In only 4 out of the 27 
districts in which the area under consideration was 
divided do steam locomotives use more than half the 
total fuel consumed, and these districts are sparsely 
populated and have very limited smoke-producing 
services other than smoke from residence chimneys. 
For the purpose of its investigation the committee 
considered smoke in the following aspects: 


Visible smoke. 
Solids in smoke, 
Gases in smoke. 


Smoke, in each of its phases, was found to have 
undesirable features. Smoke from each service was 
found to have a definite relation to the total volume 
of smoke pollution, both as to quantity and as to 
particular features of pollution. In order to ascer- 
tain which services produced the visible smoke, the 
solids of smoke and the gases of smoke, and in what 
proportion, 11,976 observations were made of loco- 
motive smoke, 1,241 high pressure smoke stacks were 
put under observation, 2,801 low pressure stacks and 
280 stacks of metallurgical and other furnaces. As a 
result it was found that, in the Chicago smoke dis- 
trict, high pressure steam power and heating plants 
are the principal smoke producers, metallurgical fur- 
naces and other similar manufacturing fires come 
second, steam locomotives third, and low pressure 
steam and other heating plants (domestic fires) fourth. 

A significant fact disclosed by the researches of the 
committee is that which emphasizes the relatively 
great importance of the solid constituents of smoke. 
Hitherto most discussions concerning smoke, and 
practically all measures designed to show the extent 
of atmospheric pollution resulting from it, have dealt 
only with its cloud effects. It now appears that the 
cloud effects are of secondary importance, as com- 
pared with effects produced by the soot and dust of 
smoke. The problem of smoke abatement, therefore, 
as viewed in the light of the committee’s disclosure, 
is not entirely or largely a problem of suppressing 
visible smoke, but is one of suppressing the shower of 
soot, dust and cinders constantly falling from a smoke 
polluted atmosphere. 

Smoke arising from solid fuels was found to be never 
free from such solids. The amount of solids dis- 
charged has no direct relation to visibility. A stack 
may appear smokeless to the eye, it is said, and yet 
be the source of a heavy discharge of dust. The 
adoption of anthracite coal or of coke as a fuel, the 
committee asserts, will serve to make stack discharges 
invisible but will not eliminate the dust discharge. 

High pressure steam stationary power and heating 
plants rank first among the visible smoke-producing 
services, being responsible for 44.5 per cent, metal- 
lurgical and other similar manufacturing fires rank 
second with a production of 28.63 per cent and steam 
locomotives third with a production of 22.06 per cent. 

Metallurgical furnaces and other similar manufac- 
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turing fires were found guilty of producing 64.26 
per cent of all the solids due to combustion, which 
constitute two-thirds of the total solid pollution of 
Chicago air. High pressure steam plants were found 
to rank second, with a production of 19.34 per cent, 
low pressure steam and other domestic fires third, with 
8.6 per cent and steam locomotives fourth, with 7.47 
per cent. 


RESPONSIBILITY OF EACH SERVICE FOR SMOKE POLLUTION WITHIN 
CHICAGO, ON PERCENTAGE BASIS 
Visible Solidsof Total Gaseous Gaseous 


smoke smoke ofsmoke carbon sulphur 
percent percent percent percent percent 


Steam locomotives .... 22.06 7.47 TOMS 10.11 18.22 
Steam, vessels 5.5.5.6. 0.74 0.33 0.60 0.55 0.45 
High pressure steam 

stationary power and 

heating plants.2). noe 44.49 19.34 44.96 40.68 53.70 
Low pressure steam and 

other stationary 

heating® plants a... 3.93 8.60 23.00 23.06 19.73 
Gas and. coke plants... 0.15 
Furnaces for metallur- 

gical, manufacturing 

and other processes.. 28.63 64.26 PAN NS} 25.60 7.90 


One-third of all air pollution is due to dirt other than that of 
combustion. These percentages refer to the remaining two-thirds. 


High pressure steam plants produced almost half 
the total gaseous pollution of the air, the exact figure 
being 44.96 per cent. Low pressure steam and other 
domestic fires produced 23 per cent, metallurgical and 
other industrial furnaces 21.13 per cent and steam lo- 
comotives 10.31 per cent. 

As a result of its investigation into air pollution 
the committee finds that one-third comes from sources 
other than combustion. The air is filled with vege- 
table, animal and mineral matter which rises from the 
various activities of the city. 

If all the fires in Chicago were stopped, dust and dict 
in the atmosphere would remain. Atmospheric pollu- 
tion cannot be reduced to a minimum through atten- 
tion to smoke abatement alone. In order to accomplish 
its reduction attention must be given to all of those 
processes and activities of the city which give rise to 
dust or which deal with the collection and disposal of 
city dirt and waste.” 


Study of Motive Power Systems. 


As a preliminary to its study of electrification the 
committee made an investigation into other methods 
of conducting transportation. It had been hoped that 
some type of self-propelling motor might be found, 
and the danger, engineering difficulty and expense of 
electrification be avoided. But this hope was not justi- 
fied. The systems studied were the internal-combus- 
tion motor with mechanical drive, electric drive, com- 
pressed-air drive, hydraulic drive, and a direct-con- 
nected motor, the compressed-air motor, the hot-water 
motor and the electric storage-battery motor. 

While it was found that progress had been made 
in adapting the gasolene engine to the requirements of 
light or special railroad service, the power require- 
ments of heavy and diversified traffic are still beyond 
the gasolene-driven unit. The Diesel oil-burning ma- 
rine engine has the power, but neither type is self- 
starting, an imperative requirement for switching 
work. 

Much had been hoped from the storage battery, but 
it was found to lack power, and to be too expensive. 
The internal combustion motors are also regarded 
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as adding a new hazard of operation through their fuel 
tanks. Compressed-air and hot-water motors were 
found impractical, but their use is suggested on those 
sections that cannot be electrified. 

“There is available at this time,” says the report, 
“no form of locomotive, carrying its own power, cap- 
able of handling the traffic of the Chicago railroad ter- 
minals which could be substituted for the steam loco- 
motive, and there is no prospect of the immediate de- 
velopment of any such locomotive.” 

After studying all electrifications now in existence 
or planned, both in this country and abroad, the com- 
mittee finds that of the total of 15 American installa- 
tions, 9 were undertaken because of operation in sub- 
ways or tunnels, 1 as an experiment to test out econ- 
omy in long-distance passenger service, 2 to hold sub- 
urban business, 1 was equipped for initial electric oper- 
ation because of charter requirements, and 2 for the 
purpose of utilizing water power instead of coal. 

Of the foreign electrifications all English lines are 
classed as suburban. None conducts heavy electric 
locomotive service and none freight service except in 
a very minor degree. Practically all electric service 
is confined to suburban and interurban traffic handled 
by motor cars. In France the Orleans railway con- 
fines its electric locomotive operation to passenger 
trains through a subway entrance into an underground 
terminal. It also operates electrically a suburban mo- 
tor car train service on a line connected with this ter- 
minal. The Midi electrification is, in its present stage, 
experimental only, and for heavy-grade lines where 
hydro-electric power may be substituted for steam. 

In Germany no considerable heavy electric main line 
traction is as yet in operation; the Dessau-Bitterfeld 
is a short line and has been operated only in experi- 
mental service to test out apparatus and methods. The 
Magdeburg-Leipzig-Halle line, an important extension 
of which the Dessau-Bitterfeld line will form a part, 
when completed will represent the first German trunk 
line electrification, and the Lauban-Konigszelt line 
will represent a second such electrification. Both are 
predicted upon the production of cheap centralized 
power either from very low-grade coal or from hydro- 
electric plants. While both of these lines will conduct 
a heavy electric locomotive passenger and freight 
service, neither will conduct a freight-switching serv- 
ice comparable with that in the Chicago terminals. 
In Switzerland the Loetschberg line and the Simplon 
tunnel line were electrified primarily because of tun- 
nel operation; other Swiss electrifications are for light 
multiple unit train service only. All Swiss electrifica- 
tions utilize cheap water power instead of the more ex- 
pensive coal fuel. In Italy the Giovi with its branches 
is the only road which operates heavy electric 
service. The secondary lines in foreign countries 
operate a service which is entirely different from Amer- 
ican operation, and resembles our interurban. 


The Chicago Problem. 


Thirty-eight steam railroads would be involved in 
the Chicago project, as against 37 for the rest of the 
world. Of the Chicago roads 25 maintain passenger 
and freight service and 23 are classed as trunk lines, 
while 13 perform transfer or switching service only. 
Fight of the trunk lines have no main tracks within the 
city limits but operate trains into the Chicago termi- 
nals over the tracks of other companies. Twelve rail- 
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roads operate wholly within the area of investigation. 

It was found that the Chicago mileage would be 
nearly twice that of all other electrically operated mile- 
age in America, and, exclusive of foreign light-service 
lines, would be about 15 per cent greater than all 
existing electrifications in the world. The commit- 
tee’s plan involves several times as much yard track 
mileage as do all existing American electrifications. 
The number of electric locomotives required would be 
approximately 4 times that of all now in service in 
America and 2% times the number in the whole world. 

Of switching service, which constitutes 59 per cent 
of the total locomotive mileage and presents a grave 
problem in that it has never been attempted electric- 
ally on a large scale, it has been ascertained that yard 
freight-switching services, on the basis of car-miles, 
is more than 65 times as great as that on all existing 
electrified steam roads in America. ' 

“No similar service elsewhere is handled electrically 
in any considerable volume except that on the Giovi 
railroad of the Italian State Railways and on the 
New York, New Haven & Hartford in America. The 
latter operates, in part electrically and in part by steam 
locomotives, 3 freight yards having in the aggregate 
72.7 miles of track, requiring about 90,000 electric loco- 
motive-hours per year and handling about 2,500,000 
car-miles per year in switching and transfer service. 
The freight yard traffic of the Chicago terminals ag- 
gregates approximately 3,430,000 locomotive-hours per 
annum and approximately 164,400,000 car-miles per 
annum in switching and transfer service.” 

In its study of air pollution the committee states 
that even the comparatively small reduction to be ex- 
pected from electrification is made less significant 
when it is recollected that substantial progress in re- 
cent years has been made in reducing the smoke from 
locomotives in Chicago. There is every reason to be- 
lieve also that the process has not yet reached its 
maximum. The improvement has resulted both from 
embellishments in locomotive design and from the ex- 
ercise of greater skill in operation. 

“When, therefore, the fact is set forth that electrifi- 
cation will serve to reduce the amount of visible smoke 
entering the atmosphere of Chicago by 20 per cent, it 
should not be forgotten that progress in locomotive 
design and practice, without electrification, has oper- 
ated and will continue to operate to bring about a re- 
duction which, if smaller than that to be effected 
through electrification, is nevertheless material; and 
when emphasis is given the fact that electrification will 
serve to reduce the amount of the solid constituents 
of smoke and the gaseous products of combustion, en- 
tering the atmosphere of Chicago, by 5 per cent, it 
should not be forgotten that progress in locomotive 
design and operation can very likely be depended upon 
to bring about an equal reduction.” 

“The electric operation of Chicago’s railroad termi- 
nals must depend upon the existence and operation 
of a steam-driven electric generating station. The 
conclusion has been reached that a single power-sta- 
tion, located near the south branch of the Chicago 
river in the vicinity of Ashland avenue, would satis- 
factorily meet all requirements. The load center, 
under the plan of electrification as already defined, 
falls within the limits of the Union Stock Yards. The 
location indicated is not far from this point and is 
such as satisfies other requirements of the problem.” 
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The committee believes that the highest degree of 
efficiency in electrification can only be secured by joint 
procedure by all the roads. “It is inconceivable that 
the different railroads will undertake such a work 
independently. It may be argued that a course nec- 
essary in the case of one railroad may prove quite 
unnecessary in the case of another, and yet the fullest 
measure of technical success in the electrification can 
only be secured when individual interests and prefer- 
ences are subordinate to the requirements of a general 
plan.” 

The committee’s plan contemplates the electrifica- 
tion of all track within the city limits and the conclu- 
sion of electrified trackage on each railroad as close 
outside the city limits as is practical. The mileage 
involved by this conception may be summarized as 
follows: 


Miles. 

MENU AITIE CE ACK Met ng leon at roles di dctoe oF oro Oe aa bR 1,475.59 

PRN AT CAET ACOA ees ets ths ae Seite shlerarcte's eine Oe 1,456.64 

3. Industrial track, owned by railroads............. 277.19 
4. Industrial track, railroad repair track and shop 
track so located in streets at grade, in buildings or under 
structures employed in industrial processes as to require 

some type of self propelling motor................-6.. 37.26 

TETRA. 5 tote yg 5 Beker PE PRESET ae ae eae a 3,476.40 


While in general the committee decided to terminate 
electrification at the first convenient point outside the 
city limits, this could not be accomplished on certain 
roads which conduct a suburban passenger service. It 
would be impracticable to operate these frequent sub- 
urban trains part way by electricity and part way by 
steam. 

Choice of System. 


As yet no system of electric traction has been de- 
veloped which can be accepted as standard for all con- 
ditions on all railroads. If it were decided to proceed 
at once with the electrification of the Chicago termi- 
nals, it would be difficult for any group of men to 
choose a system which would not be criticized by 
other men as able as those upon whom the choice of 
the system developed. 

The system selected for Chicago must be suitable 
not only for passenger. terminals and through line 
work, but also for yard switching and transfer work. 
It must be applicable to the requirements of railroads 
having a heavy suburban traffic, and also to those 
roads conducting freight-yard and switching service. 
It must not only be satisfactory in its application 
to the terminal portion of a trunk line railroad, but 
it must lend itself to an indefinite extension of the 
limits of electrification over other and adjoining por- 
tions of the road: Obviously, the project must be 
regarded as too important to permit of the introduc- 
tion of methods in any way questionable, or of a type 
of construction of untried value. Furthermore, it is 
not permissible to consider any methods which might 
serve to tide over a temporary condition anticipating 
the later selection of a permanent and stable system. 

After obtaining complete enginéering data on these 
three systems, the committee selected the third as 
cheapest and most desirable: 


1—Third rail contact, direct current at 600 volts. 
2—Overhead contact, direct current at 2,400 volts. 
3—Overhead contact, single- phase current at 11,000 volts. 


The third-rail system was given up as the least prac- 
tical of the three because of the difficulties to be met. 
Not only would the presence of the third rail be a 
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danger to employees in the yards and make necessary 
a large amount of reconstruction, but there would be 
trouble in operating trains, owing to the large number 
of gaps in the third rail due to switches, street inter- 
section and other such obstructions. It is estimated 
by the committee that a total of about 75 miles of 
track in Chicago could not be equipped by the third- 
rail system. Another objection to the third rail is 
the fact that except in very unusual sleet storms, 
service through the trolley wire would not be inter- 
rupted, whereas both sleet and drifting snow furnish 
a serious problem with the third rail. The rail is als» 
a danger to property and life in case of wreck. 

The difficulties of trolley installation would also be 
great, but less, it is believed, than those attending the 
use of the third rail. The great trouble found is with 
low bridges and other structures over the tracks. A 
sufficient clearance to permit employees to ride on top 
of cars cannot be obtained throughout the Chicago 
terminals. 

The adoption of the overhead contact (trolley) sys- 
tem would permit the use of either a high-voltage di- 
rect current or an alternating current of much higher 
voltage. The use of the first would result in damage 
to property by electrolysis. The use of the second 
would “kill” telephone and telegraph wires adjacent to 
the tracks, through inductive interference. Both con- 
ditions could be remedied, though with difficulty and 
at considerable expense. 

The committee finds that it would make no practical 
difference whether the roads manufactured their own 
electric power or purchased it from public service cor- 
porations. Electricity would, it is concluded, neither 
increase nor decrease, the dangers of operation. Add- 
ed dangers would be introduced, but compensating 
safety in other directions would offset these. 

The committee has made an effort to arrive at the 
incidental advantages that would accrue to the rail- 
roads through electrification. The change would give 
some increased capacity in existing trackage and ter- 
minals. In locations where operation under present- 
day conditions is congested, it would give relief, and 
in locations where there is at present no congestion, 
electrification would constitute, in effect, an enlarge- 
ment of existing facilities and hence would postpone 
the day when additional facilities would be required. 

Electrification would contribute to increased celer- 
ity and reliability in train movement. It would open 
the way to more intensive use of railroad property, 
both in this manner and by making double-decked 
freight and passenger terminal stations possible. It 
would also make possible the erection of buildings over 
tracks, but this value is regarded as speculative and, 
as a present-day asset, small. Electrification would 
give the roads an asset in the use of electric service 
beyond that required for trains. It would benefit the 
roads through the increased convenience and comfort 
of passengers and would give the roads whatever ad- 
vantage accrued, through the lessening of smoke. 


Cost of Electrification. 


In arriving at the cost of electrification, the commit- 
tee based its work on 1912 operation, extended to meet 
conditions if electrification were to begin in 1916 and 
be completed in 1922. The following accounting 
statement shows why the committee holds that elec- 
trification is financially impossible. The deficit on 
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the outlay of $178,127,230 would be too great: 


I. ANNUAL CHARGES: 


LU BeInterestat. nk ste ce entot cee oe oiekotsieve $8,906,362 
Ze Depreciation. weitere ak hermetic 7,808,278 
3. Replacement of dissipated assets.... 231,796 
An indeterminate charceswess: ater. 
WV otalacharcess eas oae - ouc ene $16,946,436 
II. ANNUAL REVENUES: 
l. Increase in net revenues .......... $2,336,693 
2. Indeterminate benefits ............. 
Motalmcredits see emirate $2,336,693 
Balance, annual deficit on inventment..... $14,609,743 


The investigations show that electrified operation 
for all the railroads taken together and disregarding 
depreciation and interest would result in a decrease in 
operating expenses. Under steam operation, those 
accounts that would be affected one way or the other 
by electrification show a total of $10,934,064. Under 
operation by the 600-volt direct-current third-rail sys- 
stem, the total would be $8,442,298, with the 2,400-volt 
direct-current system it would be $7,355,771 and with 
the 11,000-volt alternating-current system it would 
be $7,140,495. The installation of these three systems 
would result in a saving in operating expenses respec- 
tively of $2,491,766, $3,578,293 and $3,793,569. 

This saving, however, is in part nullified by new ex- 
penses due to the operation of stations that would have 
to be established at the end of electrified tracks to pro- 
vide for a transfer of trains from electric to steam loco- 
motives, and also by the waste and consequent loss due 
to operating over shortened steam railroad divisions, 
which have surrendered part of their mileage to make 
the new terminal electric divisions. The engineers’ 
estimates place the added expense under the first item 
at $1,546,113 and the added expense under the second 
at $450,000. This would leave the net saving in oper- 
ating expenses, to follow electrification, at $495,653 for 
the third-rail system, $1,582,180 for the direct-current 
trolley system and $1,797,456 for the alternating-cur- 
rent trolley system. 

Following the work of the committee, a number of 
the Chicago railroads have made a study of the cost 
which would be imposed upon them in excess of those 
set forth by the committee. Eight of these railroads 
have filed with the committee the results of their in- 
vestigations. The reports thus submitted have been 
analyzed with results which are set forth as follows: 


ESTIMATES OF INDETERMINATE Costs oF EIGHT RAILROADS 


1. Cost due to an extension of the mileage of 
electrification over that provided by the commit- 


GEE SUeStiMAates winave teen See Pe ee eee $20,872,500 
2. Precipitated costs principally for track 

GLOW ALO Mae ita fae hrc eyt bese careers eat ae ee 29,198,400 
3. Total cost to the eight railroad corporations 

in excess of that necessary to electrification under 

thekplan.otethescomimitteean cee eens 50,070,900 
4. The committee’s estimate of the cost of 

electrification for the eight railroads............ 92,599,908 


The excess costs, including costs due to 
extension of the plan and precipitated costs, in 
per cent of those which are covered by the 
committee’s estimates 54.07 per cent 

The committee’s estimates of the net cost of electri- 
fication for all the roads of Chicago totals $178,127,230. 
Therefore, carrying forward the same ratio, the com- 
mittee finds that the total added and precipitated costs 
for all the railroads would amount to $96,313,400. 

Upon this basis, the total capital requirement im- 
posed by electrification would be: 
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That incident to the development of a minimum 


plan as estimated by the committee............. $178,127,230 

That required to cover precipitated costs and costs 
die tovextensionLotaplatnee en irate teeiierete 96,313,400 
T Otal < ice Sen eee cen ee $274,440,630 


For example, in fixing the limits to be observed by 
the Chicago, Burlington & Quincy, the committee has 
specified complete electrification to Hawthorne, 6.8 
miles, and partial electrification to provide for subur- 
ban service only to Downers Grove, 21.3 miles from the 
city terminal. In reviewing the work of the commit- 
tee, the officers of this road conclude that if they were 
required to electrify it would be necessary to provide 
for the electric operation of freight service to Eola, 33.4 
miles from Chicago, and for suburban service to 
Aurora, 37.4 miles from the city terminal. 

The committee sees an ultimate and large cost due 
to imitation of Chicago by other cities. “It is ap- 
parent also, that Chicago’s claim to the benefits of 
electrification are in no way different from those which 
might be urged by many other cities with which Chi- 
cago railroads connect ; that compulsory electrification, 
if achieved for Chicago, may in due time be secured 
by all the larger cities of the country. The cost, 
therefore, of the compulsory electrification of Chica- 
go’s terminals would be confiscatory.” 


WHY CHICAGO RAILROADS CANNOT ELECTRIFY 


Electrification would ultimately cost..............:- $274,440,630 
The 600-Volt direct current (Third Rail) system, 
minimum, plan, would scosta:.s mie eseeae eee $197,908,000 
The 2,400-volt direct current (Trolley) system, min- 
imum plan, would costs:s2-: 1 ashe ene aie $191,666,808 
The 11,000-volt alternating current (Trolley) system, ! 
minimum plan, chosen as the least expensive, would 
cost, in detail: 
IP PP Ower-statione nde etna ete $10,302,104 
2.- ‘Transmission. -systemincneee ene 1,618,693 
3) Oubstationsey- eae 2,024,736 
4 Switchines stateanseser tates one 573,073 
5, s.Contactsystemeryrenceicdeenin nee 28,141,188 
6, | Bridges warnincseera see eene 1,071,989 
7 Return, Cincuit sens. eee 4,446,033 
8. Elimination of inductive effects 
and leleccrolysism nese eee 996,727 
9.) Lelephonessystem sas einen: 272,052 
10. Electric locomotives, multiple-unit 
equipment, work and inspec- 
tion Req uipmentees cease tee 91,703,557 
LL eSpate parts sere ee eee 485,343 
12. Changes in overhead structures. . 834,261 
13) ‘Changes answire liness sais. sertae 2,028,007 
14. Changes in signal system........ 6,111,407 
15. Removal and re-establishment of 
locomotive terminals and new 
facilities gett eee 37,293,746 
$187,902,916 $187,902,916 
Less salvage on equipment usable elsewhere........ 9,775,686 
Net cost of committee’s minimum plan............. $178,127,230 
Plus added costs due to betterments, improvements 
and changes precipitated by electrification........ 96,313,400 
Estimated” total finalcost...%. . sane nee: oe eee 274,440,630 
Annual charges on inventment of $187,902,916...... $ 16,946,436 


Annual saving through decreased costs of operation $ 2,336,693 
Annual deficit $ 14,609,743 

The committee was appointed in March, 1911, and 
consisted of four members appointed by the mayor, 
four appointed by the railroads and nine appointed by 
the Chicago Association of Commerce. The late 
Horace G. Burt was chief engineer for the committee 
until May, 1913, and was succeeded by W. F. M. Goss, 
dean of the Engineering Department, University of 
Illinois. The report was submitted to the association 
at a dinner on Wednesday evening, December 1. 
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Lighting Classification 


New York Central Railroad Air Line Junction, Ohio 


The Air Line Junction yards of the New York Cen- 
tral were laid out in 1912 and were put in operation 
shortly afterward. Classification of cars is carried on 
in these yards both night and day, but until Septem- 
ber, 1915, no provision was made for artificial light- 
ing. Every car rider carried a lantern and had to 
depend on this and the switch lights for safeguarding 
himself and the cars which he handled. As a result, 


@- HOLOPHANE REFLECTOR NO. BEE-500 WITH 500 WATT MAZDA LAMP 
W- HOLOPHANE REFRACTOR NO. 715 WITH 500 WATT MAZDA LAMP. 
O- PROPOSED REFRACTOR UNITS NO. 7/5 


Deep bowl porcelain enameled reflectors (Holo- 
phane reflector No. BEE-500 and holder No. 672) 
with 500 watt Mazda C lamps and suitable holders 
were used along the hump and ladder tracks. This unit, 
together with photometric curve, is shown in Fig. 4. 
The object in using deep bowl reflectors is to cover 
the lamps so that the brilliant filament will not shine 
in the eyes of trainmen. In order to operate with the 
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Fig. 1. New York Central Classification Yards at Air Line Junction. 


Night View of the Yard from the Crown of the Hump. 


Fig. 2. 


night work was slow and meant many disabled cars. 
Installation. 


A trial installation has been made, using suitable 
lighting units located as shown in Fig. 1. This figure 
shows only a portion of the yard, but is typical of 
the rest. 

On the hump track and ladder tracks, units are 
spaced approximately 100 ft. apart. In the body of 
yard the spacing of units will be approximately 200 
ft. apart. (The refractor units in the body of the 
yard have not yet been installed.) The mounting 
height of all units is 35 ft. above the ground. 

The lighting units are mounted at the end of cross 
arms at the top of 40 ft. wooden poles set five ft. in the 
ground. A disconnecting hanger is used which per- 
mits the units to be lowered to the ground for clean- 
ing and for the replacing of lamps. 


Showing Location of Lighting Units, 
Horizontal Foot Candle Intensites on the Various Switches Indicated. 
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Photometer Stations and 


greatest rapidity and safety, it is necessary that the 
engineer on the pushing engine be able to see distinct- 
ly signals at the apex of the hump, and that the riders 
and switchmen be able to see every switch on the 
ladder tracks, from the apex of the hump or from any 
point along the ladder tracks. The use of deep bowl 
reflectors means a closer spacing of units than could 
otherwise be used, but the elimination of glare more 
than compensates for this. 

In the body of the yard, the absence of glare is not 
so important as it is on the hump and ladder tracks. 
Therefore, a unit which would permit of wide spacing 
of units was decided upon. The unit used is Holo- 
phane prismatic refractor No. 715 with 500 watt Mazda 
C lamps, drawing and photometric curve of which are 
shown in Fig. 3. Due to the prismatic redirecting 
prisms in this unit it is possible to obtain a strong 
circle of light at a wide angle. It is this feature which 
makes wide spacing of units possible with any degree 
of uniformity in the lighting. 


Tests. 


In order to have a permanent record of the per- 
formance of this installation, a series of illumination 
readings was made. On account of inability to keep 
the yard out of operation for any length of time it was 
not possible to make as many readings as were de- 
sired, but enough were obtained to give some indica- 
tion of conditions. 

Apex of Hump—tThe principal requirements on the 
hump are illumination of the front end of the car on 
approaching the apex and illumination of the other end 
while leaving the apex. It is also necessary to light 
the side of the car while passing the apex. Table I 
shows the foot candle values obtained on the ends of 
the cars, while Table II gives the same data for the 
side of the car. At station 7 (Fig. 1) the illumination 
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reaches a maximum. This is where the cutter checks 
his list against the car markings and where the rider 
mounts the car. 

Ladder Tracks—The most important requirement 
along the ladder tracks is to have good light on every 
switch, so that there will be no mistake in switching 
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Holophane Prismatic Refractor No. 715 for 500-Watt 
Mazda C Lamp. 


cars and so that the switchman can see how things 
stand, from a considerable distance. . Where the 
switches are hand operated, it is necessary for the 
switchman to be able to read his list of cars rapidly 
and without the aid of a lantern. 

Body of Yard.—Here the most difficult requirement 
is to light the end of a car no matter where it is stand- 
ing, so that there will be no danger of a rider misjudg- 
ing his distance and bringing his car into the standing 
one too roughly. The proper lighting of the ends of 
standing cars also permits more efficient handling of 
cars, as the rider can coast more rapidly without fear 
of failing to stop in time. In addition to the ends 
of the cars, the tops should be lighted to permit the 
rider to pass from one to another. Any vacant tracks 
should be lighted well enough to disclose any obstruc- 
tions. Table III gives the foot candles obtained on 
the end of a car when in the body of the yard. Tests 
at stations 16, 17 and 18 were made with deep bowl 
reflectors and it is seen that at station 18 there was no 
light received at the top of the car. Tests at stations 19, 
20 and 21 were made with a refractor placed at point 
A and deep bowl reflector at C turned off. The use of 
the refractor improves conditions considerably, and if 
it had been possible to try out additional refractor 
units in conjunction with this one, even more marked 
improvement would undoubtedly have been found. 
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Fig. 4. Deep Bowl Holophane Reflector No. BEE-500 and Holder 
No. 672 with Photometric Curve for 500-Watt Mazda C Lamp. 


TABLE 


Illumination in Foot Candles on End of Car Nearest Apex of 
Hump, at Points F and G. (See Fig. 6.) 


Station Foot Candle Intensity on End of Car. 
(See Fig. 1) Ponte Point G 

1 0.139 0.162 
2 0.033 0.035 
3 0.048 0.050 
4 0.104 0.158 
5 0.377 0.364 
6 0.887 0.889 
7 1.612 1.696 
8 0.196 0.243 

0.030 0.031 
10 0.826 0.752 
11 0.167 0.130 
12 0.068 0.053 
13 0.041 0.034 
14 0.018 0.023 
15 0.454 0.401 

TABLE -II. 


Illumination in Foot Candles on Side of Car at Points A and C 


(See Fig. 6.) When Passing Over Hump. 
Station Foot Candle Intensity on Side of Car. 
(See Fig. 1) Point A Point C I 
1 0.616 0.850 
2 0.461 0.515 
3 0.181 0.174 
4 0.082 0.052 
5 0.082 0.068 
6 0.167 0.186 
if 0.517 0.573 
8 0.956 1.220 
9 0.531 0.664 
TABLE III. 


Illumination on End of Car at Points M and P (See Fig. 6.) 
When Standing in Yard. Note—Unit A was not burning 
for tests at Stations 16, 17 and 18. Unit C was 
not burning for tests at Station 19, 20 and 21. 


Station Foot Candle Intensity on End of Car. 
(See Fig. 1) Point M Point 2 
16 0.026 0.000 
7 0.038 0.30 
18 0.027 0.026 
19 0.059 0.049 
20 0.037 0.034 
21 0.031 0.026 


December, 1915. 


Conclusion. 

Illumination tests at the present time are an inade- 
quate measure of a lighting installation of this nature. 
After more study has been given the subject a com- 
prehensive method of test may be devised which will 
take into account all the peculiar requirements to be 
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tion is completed by placing refractors through the 
body of the yard, as indicated in Fig. 1. To obtain 


complete satisfaction there should be an additional 
row of units between tracks 13 and 14 and between 
tracks 26 and 27, but owing to the original lay-out of 
the yard there is no space for these. 


Fig. 5. 


met in different parts of the yard. An attempt has 
been made along these lines in the present tests, but 
the results are incomplete and not extensive enough to 
thoroughly cover the subject. The most conclusive 
proof of the success of this installation is the general 
approval of the men in actual charge of the handling of 
cars, and the fact that all the cars sent them are han- 
dled smoothly and with dispatch. The efficiency of the 
yard will be still further increased when the installa- 
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Night View of the Yard from the Hump. 


Figs. 2 and 5 show in some degree the appearance of 
the portion of the yard at present lighted. It will be 
noticed that the apex of the hump,. where the cutting 
and checking of cars is done, is particularly well light- 
ed and that every switch on the ladder tracks stands 
out distinctly. The absence of glare will also be no- 
ticed, a distinct contrast being evident between the 
deep: bowl reflectors in the foreground and the two 
refractors in the distance. 
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Fig. 6. Side and End View of Box Car Showing Illumination Test Points Mentioned in Tables I, II and III. 
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Electric Car Lighting 


EK. S. 


There is a strong demand for electric light on pas- 
senger cars from standpoints both of safety and com- 
fort. The possibility of fire in case of wreck is practi- 
cally nil when electric light is used. Taking the 
question of comfort, the chief advantage is the applica- 
tion of berth lights in sleeping cars, together with the 
use of fans in dining and parlor cars, in addition to 
which may be added a cooler light devoid of all odor 
which comes from gas lighting, and the ability to place 
lights in any position in a car where they may be 
most convenient. 

The number of electric-lighted cars in service in 
Canada and on certain roads in United States in 1911 


TABLE SHOWING INCREASE IN ELECTRICALLY LIGHTED Cars, 
1911 to 1914. 


Number Number Increase in 
OLmcags of cars cars 

Railway Company equipped 1911 equipped 1914 equipped 
Ganadianwe a citiGumennrrt 68 359 291 
Grand Saini cere 34 164 130 


Grand Trunk Pacific.... ks 72 72 


Canadian Northern ..-. 14 226 Ze 
"Total int Canadaseen near 116 821 705 
IPrullikmain (Copengenyy oasos< 

Pennsylvania Lines East. 902 1,924 1,022 
Pennsylvania Lines West 5 714 198 
INES YE RG QF eee bere 202 1,007 855 
ING aN el cove Pema 350 410 50 
iLelavieds: WOME cooaao ace 81 384 303 
GreateNontherngerr saree 480 650 190 


and 1914 is shown in the table. It is apparent that there 
is a strong demand for electric hghting in passenger 
cars, and also that the railways are meeting it in a 
liberal spirit. 

The electric lighting of passenger cars may be de- 
vided into three main classes—straight storage, head 
end and axle systems. 

The straight storage, while it is the simplest sys- 
tem, requires that cars lay over in terminal yards from 
six to ten hours for recharging batteries. This sys- 
tem is, therefore, out of the question for transcontinen- 
tal services, as any road which has not a surplus of 
rolling stock cannot afford to hold its trains in the 
terminal yards for sufficient time to charge the bat- 
teries. Another disadvantage is the heavy capital 
cost of installing the necessary battery-charging facil- 
ities at all terminals. 

The chief disadvantage of the head end system is 
the want of flexibility, and this is felt where trains 
have to be remarshaled at junctions and cars switched 
off on branch lines. This leads to the necessity of 
equipping a large proportion of the cars on every train 
with batteries, increasing the capital and maintenance 
costs. Another disadvantage is the high steam con- 
sumption of the turbine. 

The axle system, which is the most extensively 
used, comprises a generator driven by a belt from the 
axle and a set of storage batteries which supply cur- 
rent to the lamps when the train is at rest. “As this 
equipment is applied to each car, it follows that it is 


* Abstract of a paper read before the ‘Canadian Railway Club 
on October 12, 1915. 
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an individual unit and can be transferred to any line in 
any class of service without any adjustment of the ap- 
paratus being necessary. 


Organization. 


The question of organization is the chief factor to 
be determined if efficient results are to be obtained. 
To illustrate the capital expenditure and maintenance 
costs, take a road having 400 electric-lighted cars. As 
each installation will cost, say, $1,500, we have a total 
expenditure of $600,000, of which $800 per car, or a 
total of $320,000, is liable to be permanently destroyed 
through want of attention. Assuming a total of 400 
cars at a maintenance cost of $12.00 per car per month, 
we have a maintenance cost of $4,800 per month, or 
$57,600. per annum. If by better handling we save 
one lamp per car per month, we effect a saving of $180 
per month, or $2,160 per annum. Again, a conserva- 
tive estimate will place the life of a battery set at five 
years. Assuming we have two twelve cell batteries 
per equipment and that we increase their life by one 
year ; taking the cost of the batteries as $630, we have: 

Depreciation at 5 years........... $125 per annum 
Depreciationvat O years eee 105 per annum 


Saving petCaty arena eee ese $21 per annum 

Multiply by 400 cars and we have $8,400 per annum 
saved. 

Again, take the question of belt life. A saving a 
one belt per car per annum will approximate $5 per 
car per annum, or $2,000 per annum on four hundred 
cars. 

Summarizing, we have: 

Saving of one lamp per car per month........ 


Extending life of batteries by one year...... 
Saving. one belt per car per aunum’....+:.... 


$2,160 per annum 
8,400 
2,000 


$12,560 per annum 


These figures show what may be saved or lost 
through properly handling or neglect of the equip- 
ments, setting aside the discomfort caused to passen- 
gers due to light failures. 

There is a considerable difference in the methods of 
organizing this work on the railroads in the United 
States. In some cases the forces are controlled direct- 
ly by a chief electrician, who reports to the master 
car builder. On some roads the chief electrician acts 
in an advisory capacity to the master car builder, the 
forces being controlled by the car foreman; on others 
the electrical engineer through his assistants directly 
controls the terminal electricians. On one road in the 
nited States the electricians are carried on the car fore- 
man’s pay roll, and are responsible to him as far as 
matters of discipline are concerned, but are responsible 
to the chief electrician for all technical work. As a 
general rule, the closer the chief electrician or electri- 
cal engineer is to the inspection forces, the more ef- 
ficient the organization. 

The chief electrical engineer should supervise the 
preparation of the specifications and wiring diagrams 
for all new rolling stock and see that they are lived 
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up to by the car builders. This is important, as all 
equipments, as far as possible, should be installed to 
certain standards; the various conduit runs should be 
inspected to see that new wires may be drawn in at 
any time without tearing down the interior finish of 
the car. The quality of the conduit and wires should 
also be closely watched, as these items will affect the 
cost of maintenance in later years. 

The generator suspension should be closely checked 
with the object of providing for sufficient belt clear- 
ance; it will well repay any railway to give this point 
due consideration, as it is no idle statement that fully 
half the light failures and lost belts are due to in- 
sufficient clearance. 

The type and location of fixtures should also receive 
attention. As far as possible, standard types should 
be used, involving the minimum ‘number of classes of 
glassware; as a rule, clear, unshaded lamps should 
not be used, as they are liable to cause eye strain. It 
is also advisable to standardize one size of lamp, which, 
on a large system, must be carried in the stores at all 
terminals. 

The introduction of 50-watt gas-filled lamps which 
have recently been placed on the market should con- 
siderably reduce the number of fixtures and also sim- 
plify their construction. 


Maintenance of Equipment. 


To maintain the equipments in a proper state of 
efficiency periodical inspection and overhaul are neces- 
sary, and any neglect of either will result in a heavy 
expenditure for renewals. 

Each equipment should receive a thorough overhaul 
once a year, when the generator should be removed 
from the car, taken apart, cleaned and worn parts re- 
newed, and on being rebuilt should be tested on a 
special test frame. The batteries should also be taken 
to the battery house, where each cell should be opened 
up, the cell box washed out under a spray, all bent 
plates straightened, and damaged separators renewed. 
The battery should then be reconnected in the shop 
and properly charged, when a discharge test should be 
taken and its capacity noted. After recharging, the 
specific gravity of the electrolyte should be adjusted 
and the cell and battery boxes painted. The set is 
then fit to be replaced on the car. If the car is fitted 
with lamp and generator regulators they should be 
reset, the carbons being specially examined. Consid- 
erable difference of opinion exists as to whether this 
overhaul should be carried out at the terminal yards 
or at the shops of the company. In favor of the former 
system it is claimed that, by changing the equipments 
at the terminals, the overhaul is not dependent on the 
shopping of the cars, which in some cases is not on the 
twelve months basis. Also that more interest is taken 
in the work by the yard staffs than by the shop men. 
The latter method has the advantage of concentrating 
the work and insuring a standard treatment of each 
equipment and therefore lends itself to better organiza- 
tion. 

Inspection—A yard force, under the supervision of 
a chief electrician or foreman, should be located at 
each terminal where trains originate, and each car 
arriving should be inspected to see if the equipment 
is in good working order before leaving on its next 
trip, and then all necessary running repairs made. 

On the Canadian Pacific we find it advisable to give 
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each car in transcontinental service a thorough in- 
spection at Montreal and Vancouver, local cars re- 
ceiving a similar inspection once a fortnight with a 
lighter inspection each trip. 

At each inspection the height of the acid in the bat- 
teries should be noted, and water added, if necessary. 
Neglect of this will cause sulphating of the plates, de- 
creasing the capacity and life of the batteries. 


Yard Facilities. 


The modern battery room is equipped with a wash- 
ing table on which the elments can be inspected and 
also a compressed air and water spray over which the 
cell box is cleaned. Benches should also be provided 
to hold at least six sets of batteries while they are be- 
ing charged prior to being applied to the cars. Acid 
tanks for mixing new electrolyte and for holding elec- 
trolyte removed from cells while they are being over- 
hauled should be provided, together with a press for 
straightening plates, also steam-jacketed tanks for 
boiling the acid out of connections, ete. A still should 
also be installed if Edison batteries are used. 

The generator repair room should be fitted with a 
bench on which a generator may be conveniently dis- 
mantled and rebuilt. A work-bench with a vise is also 
necessary, together with lockers and cupboards. 

Battery charging facilities should be provided in the 
battery room and throughout the yard, in order that 
the batteries on any car may be charged without 
switching the car to any special point. 

The Canadian Pacific practice is to run a circuit be- 
tween each alternate pair of tracks, the wires being 
carried overhead on poles, the receptacles being placed 
on the poles about five and one-half feet from the ground, 
each circuit having five receptacles, connected in 
series, about eighty feet apart. These circuits run 
back to a receptacle panel on the switchboard and by 
means of short flexible jumpers are connected to a 
number of power receptacles which are connected to 
the buss-bars through a variable resistance, reverse 
and overload circuit-breaker and ammeter. 

At the Glen yard, Montreal, power for charging bat- 
teries is obtained from two 25-kw. motor-generator 
sets. The switchboard consists of two main direct cur- 
rent generator panels, each equipped with an ammeter 
showing the total load on each generator. Distribution 
panels embodying seven circuits are each equipped 
with 75 ampere overload and reverse-current circuit- 
breakers, a 100 ampere ammeter, and a 1.9 ohm vari- 
able resistance with a carrying capacity of sixty am- 
peres. Each circuit is connected to two power re- 
ceptacles in series on the receptacle panel. By this 
arrangement it is possible to regulate the charging cur- 
rent to each set of batteries on a car in any location in 
the yard. 

Records. 

A set of records should be kept in the electrical en- 
gineer’s office showing the details of the equipments 
on each car (Fig. 1) together with a separate battery 
record (Figs. 2and 3). A statement of failures should 
be prepared each month showing the number of cases 
of trouble, the type of equipment and batteries and 
cause of trouble (Fig. 4). From this an efficiency 
statement is made up showing the number of failures 
per thousand car miles, also the number of miles per 
failure (Fig. 5). In this way it is possible to watch 
the operation of the equipments from month to month. 
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RECORD OF CAR LIGHTING EQUIPMENT. 


CAR—Name or Number 
GENERATOR, Number 


GENERATOR PULLEY, face 
AXLE, diam. at Pulley hub 

Distance from axle center to pulley center 
AXLE PULLEY, Iron or Steel, Dia 


Belt, kind 


Fasteners 


‘BATTERY, number cells 


Number of boxes 


WIRING, Diagram 

WIRED BY 

EQUIPMENT INSTALLED BY 
‘EQUIPMENT TESTED BY 
DYNAMO RESISTANCE 
Switch, type 

FIXTURES, typé 

Amperes to Lamps, 1-2 lights 
CAR ENTERED SERVICE 
MISCELLANEOUS DATA 


PivohdOrhtlMMice agarooseoceoo ph cHobndcems aan 
Full lights 


Fig. i. 


Form Showing Details of Equipment on Each Car. 


BATTERY RECORD CARD 


BATTER YEN 05 coi scpees too ope rence neceeereeseanee TY PES tse ee ae 
IN We es eee ees oe eee eee eee epee 
rs 


Applied to Car Repairs and Material 


Fig. 2. Form for Keeping Record of Each Individual Battery. 


CANADIAN PACIFIC RAILWAY COMPANY 
RECORD OF BATTERIES CHANGED 


Applied Material Amp. Hrs. 


Battery No 


Removed 
from Car 


Form for Keeping Record of Battery as It is Changed 
From One Car to Another. 


Fig. 3. 


EFFICIENCY RFPORT OF ELECTRIC CAR LIGHTING 
STATEMENT OF FAILURES 


Month 


Cause of Trouble 


Equipment 


Fig. 4. Monthly Statement Showing Details of All Fallures. 
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Accounts. 


The determination of the cost of operating the 
equipment is one of the most important items to be 
followed up, as without a proper accounting system 
it is impossible to trace any of the numerous leaks 
which may occur in the maintenance. Practically 
every railroad has a different method of keeping ac- 
counts and the general system in vogue on the road 
will determine the method of obtaining the lighting 
costs. Undoubtedly the most satisfactory method of 
keeping accounts is one which gives the cost of labor 
and material of each car per month, from which the 
cost of the various systems in operation can be ascer- 
tained, but this is not always possible. 

The chief drawback to this system is that the fig- 
ures are prepared by the electrical department, who 
may have difficulty in obtaining the correct prices, 
etc. On the Canadian Pacific the cost of labor and 
material at each point is bulked against all the cars, 
as shown in Fig. 6. The material is then subdivided 
under the various headings and shown in a separate 
statement, as per Fig. 7, and from these two a sum- 
mary, which shows the cost of each item per car per 
month is compiled, as per Fig. 8. Any increase as 
shown in the summary can be traced back to the point 
at which the material was used and an explanation 
obtained. The summary also shows all foreign charges 
made against the company, and also those rendered 
against other companies; these figures are important, 
as they show whether the interchange inspectors are 
billing foreign companies for work done and also the 
rental of the equipments while on foreign lines, which 
is allowed by the M. C. B. Association at the rate of 
75c per equipment per day. 


Inspection Reports. 


Each car is supplied with two report books (Figs. 
9 and 10), which always remain in the switch locker. 
One of these is filled out in triplicate by the conduc- 
tor, one copy remaining in the book, one being sent 
to the superintendent of the S. D. & P. C. department, 
and the other to the electrical engineer. This report 
shows any defects which may be noticed by the crew. 


EFFICIENCY REPORT OF ELECTRIC CAR LIGHTING 
EASTERN LINES 


Type of Car 


Mil No. No. Complaints 
meas | Complaints | per 1000 Car Miles 


WESTERN LINES 


Fig. 5. Efficiency Statement Compiled Each Month, Showing Num- 
ber of Complaints Per 1,000 Car Miles for Each Class of Car. 
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The other report is filled out by the terminal elec- 
trician in duplicate, showing the condition of equip- 
ment on arrival, all repairs made, and if batteries were 
charged. One copy remains in the book and the other 


STATEMENT “A”. 
CANADIAN PACIFIC 


is sent to the electrical engineer. By this means we 
have two permanent records of the operation of the 
equipment on each car, which can be traced by either 
an inspector or terminal electrician at any time, which 


Auditor of Stores and Mechanical Accounts 


RAILWAY COMPANY 


Cost of Labor and Material for Maintenance of Electric Lighted Cars. June 1915 Account 


f -_ ; OVERHEAD CHARGES TOTAL cosr 
. LOCATION 


Labor Material Material 
Shop Exp Shop Exp. Store Exp. 


Tora SER | rovae 


~- EASTERN DIVISION 
(Ge MEG Aaggopcpenusasdesnad 
BOttawa ats ee 'cieee inna doddobadodns 
Roronto, Unions. s152 eee c's 
| LOMIERYESS GEG caon octegesucon: Goran 
PACEMVAS ED ented ita civie + Olsens 
Wiel LEE Rgccom ues \brodc ace 
Whapleauiemerncedey cri) settee 
SOs Gites gaodasnaeoe GacoDaue 
Larpecer: [+t erie a 


ramon ty So ae | | See Bes Leet oars | 
SHOPS 
WY EStel OVOLtOn 2% s0 cs pa cdicas sis 
INNO bes ogacceackace srolelsrereieloretets 


eee | Pa ee eo ee 
: SHOPS 
IWinntper a cnsicccccsiccsw veces’ 
Rem cle yiecris/sterqeisierele elit sis cteiousi4 si als 
WALALIOS Mereoh atte cis tie cereale a ticks 


ee ee re Se er nee’ OS | aN te ee 
TOTAL ALL Lines... ow eas EE Se aed De ee ee 


Rental Charges from Foreign Lines 


Less G 


‘ 6c to ce (a9 
TOTAL 


Fig. 6. Statement Showing Cost of Labor and Material for All Cars at Each Point. 
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Auditor of Stores and Mechanicul Accounts 


RAILWAY COMPANY 


Details of Material, Maintenance of Electric Lighted Cars, Eastern and Western Lines. June 1915 Account 


Genera- 


Batteries 
tors 


LocaTION 


Current | Foreign TOTAL 


EASTERN LINE 
Gilenwviand snc = teteies <3 
Wa ware ianie see ee as es 
MOONE OU ssal seers sickens «mc 
Pipe: NSE. ss So one aan 
INerthebaiyene ss. ce oee 
SEMA @A Utter inches teao tee 
Sis" AfO)atele-aee sess era chees 


TLODATLLANES SEAST i 
Angus. 


WESTERN LINES 
Horta william... os. <a 
MOOSEJAW. «260i esses 
CAISATY <=. 2 AOAC 
VNR aUy ofelee 4m OyEO.6 doin oO 
SrA LNCOMA sais siete chee 
Revelstoke....... ea thas 
i COUVEN acre cs ateis so sisisie's 
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is considerable assistance to electricians where cars 
are in transcontinental service and are inspected by 
several inspectors, as it keeps each posted on the work 
done by the others. At the same time these forms are 
filed in the electrical engineer’s office and are retained 
for two months. From these two forms the efficiency 
and failure statements before mentioned (Figs 4 and 
5) are prepared. 


(Triplicate) Form M. C. B. 126 
CANADIAN PACIFIC RAILWAY—CAR DEPT. 


Avg. Amperes generated 
(Ammeter to be read and recorded once in each Division 
with train at full speed) 
Condition of Lights 


Was belt lost About where 


If Lights were unsteady, give exlanation as to. when and 


how, and action taken 


This portion to go to Terminal Car Foreman, to be attached 
to Form M.C.B. 127, and sent to Electrical Engineer. 


Fig. 9. Report Form Located in the Switch Locker and Used by 
the Train Conductor to Report Any Defects Noticed by Train 
Crew. 


STATEMENT ‘'B” 
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Conservation of Light. 

All who are connected in any way with the opera- 
tion of electric lighted equipment should assist in 
saving as much light as possible while the cars are in 
the coach yards, terminals, etc. By all means give 
the passengers all the light they require, but save the 
waste. Probably gas lighting is more or less respon- 
sible for much of the waste which now prevails, as. 
it is possible to use the gas in the tanks before a train 
arrives from the yard to receive its passengers, and 
replenish the tanks in a few minutes, whereas to re- 
charge the batteries of an electric lighted car may take 
eight or ten hours. 

In conclusion I would draw attention to the work 
which has been accomplished by the Association of 
Railway Electrical Engineers, who, in conjunction 
with the train lighting committee of the Master Car 
Builders’ Association and the various manufacturers, 
have worked out the various standards and specifica- 
tions which assisted in raising the problem of elec- 
tric lighting of passenger cars to its present state of 
practically universal adoption. 


CANADIAN PACIFIC RAILWAY—CAR DEPARTMENT 
REPORT OF ELECTRICAL EQUIPMENT EXAMINATIONS AND REPAIRS AT 


MATERIAL USED 


Fig. 10. Report Filled Out by Terminal Electrician Showing 
Condition of Equipment on Arrival, Repairs Made and Battery 
Charging, If Any. 
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Auditor of Stores and Mechanical Accounts. 


SUMMARY 


EASTERN LINES 
MATERIAL 


Generators 
Batteries 


Miscellaneous 
Extra Fittings 
Chg. Current 
Foreign 


Number of Cars equipped 
Cost of Shopping per Car 


Cost of Operating Equipment per Car 


WESTERN LINES 


JUNE, 1915, ACCOUNT 


TOTAL ANGUS 


; Per Car 


Number of Cars through Angus 
Less Extra Fittings: v2.55 set esr = Sue syexamna aces 


Cost Eastern Lines 
Cost Western Lines 


Fig. 8. Summary Statement Compiled from Two Preceding Forms (Figs. 6 and 7), Showing Cost of Each Item Per Car Per Month. 
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A. C. Voltage Regulators 
J. A. Wickman* 


The advantages and uses of automatic voltage reg- 
ulators when used with alternators are the same as 
when used with direct current generators. They are 
designed to keep the voltage of one or of several ma- 
chines operating in parallel constant, so that if a re- 
cording Bristol voltmeter is connected to the line it 
will show nearly a true circle instead of a series of 
great fluctuations, as would be shown if there were 
no regulators connected to the system. 

The General Electric type of regulators will be used 
as a model for the explanations and descriptions in this 
discussion. The desired voltage is maintained by rap- 
idly opening and closing a shunt circuit across the 
exciter field rheostat. The exciter rheostat is turned 
so as to greatly reduce the exciter voltage and then 
the regulator circuit is closed by means of a small 
switch located on the regulator panel of the switch- 
board. Closing this switch short-circuits the rheostat 
through the contacts of the regulator and the voltage 
of the exciter at once begins to raise. When a pre- 
determined point is reached the contacts open and the 
exciter field current must again pass through the rheo- 
stat, which is set to greatly reduce the exciter volt- 
age. The reduction of voltage is arrested by the clos- 
ing of the contacts again, which starts another cycle. 
These openings and closings of the regulator contact 
points are very rapid, so the voltage on the exciter 
has but an instant of time in which to fall or raise 
either way. It is, therefore, held practically constant 
at a predetermined value. 

One regulator may regulate the voltage of several 
alternators by a special arrangement of equalizing 
rheostats. The total range of travel of the only mov- 
ing parts is 1/32 in. from full load to no load of the 
alternator, so the vibrations are very rapid and allow 
no hunting of the machines. 


Method of Operation. 


The method of operation of the alternating current 
regulator may be best understood by referring to the 
diagram of connections, shown in Fig. 33, which is 
connected to control the voltage on one alternator. 
The regulator has a direct current control magnet, an 
alternating current control magnet and a relay. The 
direct current control magnet is connected to the ex- 
citer buses. This magnet has a fixed stop core at 
the bottom and a movable core at the top, which is 
attached to a pivoted lever having at the opposite end 
a flexible contact pulled downward by four spiral 
springs, although only one is shown. Opposite the 
direct current control magnet is the alternating current 
control magnet, which has a potential winding con- 


nected by means of a potential transformer to the gen- 


_* Foreman Electrician Shops, Illinois Central, Chicago. 
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erator or bus bars. There is an adjustable compensat- 
ing winding on the alternating current magnet con- 
nected through a current transformer to the principal 
feeder of the system. The obect of this winding is to 
raise the voltage of the generator or bus bar as the 
load increases on the feeder, thereby compensating for 
line losses. The alternating current control magnet 
has a movable core, lever and contacts similar to 
those of the direct current regulators. 

The relay consists of a circular shaped magnet with 
a differential winding and a pivoted armature con- 
trolling the contacts which open and close the shunt 
circuit across the exciter field rheostat. One of the 
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Fig. 33. Wiring Diagram of Tirrel Regulator, Showing Connec- 
tions for Controlling the Voltage of One Alternating Current 
Generator. 
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differential windings of the relay is permanently con- 
nected across the exciter bus bars and has a tendency 
to keep the contacts open. The other winding is con- 
nected to the exciter bus bars through the floating 
main contacts and when the latter are closed neutral- 
izes the effect of the first winding and allows the relay 
contacts to shortcircuit the exciter field rheostat. 
Condensers are connected across the contacts to pre- 
vent arcing and burning of the contacts. 


Cycle of Operation. 


With the main a. c. field rheostat practically cut out, 
the voltage of the alernator is reduced to 65 per cent. 
below normal by means of the exciter field rheostat. 
This weakens both control magnets and closes the 
floating main contacts, which closes the relay circuit 
and demagnetizes the relay magnet, thus releasing the 
relay armature. The springs then close the relay con- 
tacts. 

The small single pole switch on the regulator board 
is now closed, which shortcircuits the exciter field 
rheostat. The exciter voltage at once begins to raise. 
This will strengthen the alternating current and di- 
rect current control magnets and, at the voltage for 
which the counterweight has been previously adjusted, 
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the main contacts will open. The relay will then at- 
tract its armature and by opening the shunt circuit at 
the relay contacts will throw the rheostat resistance 
into the exciter field circuit, which will lower the 
exciter voltage. The main contacts will then close 
again and the operation will be repeated. 


Types of Regulators. 


There are several forms of these Terrill regulators. 
A form known as type T A form F is equipped with 
several relays, varying in number from 2 to 12. A 
number is usually placed after the F to designate the 
number of relays—that is, a form as shown in Fig. 35 
would be called form F-3 because it has three relay 
contacts. The principle of operation is the same 
whether there are three or ten relays, although cer- 
tain modifications are necessary for the control of 
two or more generators. It will be noticed that relay 
No. 1 is connected across the field rheostat of one 
exciter, while relays 2 and 3 are connected across 
sections of the field rheostat of the other exciter. This 
is necessitated because the exciter is of a large capac- 
ity. Each case of automatic voltage regulation must 
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Fig. 35. 
for Controlling the Voltage of Three Alternating Current: Gen- 
erators Operating in Parallel. 


be carefully studied and the best arrangements made. 

The regulator. should have sufficient capacity to 
handle the total number of exciters operating in paral- 
lel, whether they are all to be in operation at one time 
or not. 

Figs. 34 and 35 will give the student an idea of the 
wiring connections necessary when using a regulator 
with two or three generators operating in parallel with 
the exciters also running in parallel. It will be noticed 
that there is an equalizing rheostat used wherever 
there are more than one exciter used—that is, there is 
always one less equalizing rheostat than there are ex- 
citers. 

Adjustments. 


These regulators are usually regulated and adjusted 


before they are shipped from the factory, but should 
there be any occasion to readjust them a special in- 
struction book, which is sent with each regulator, 
very plainly describes the details of all adjustments. 
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Wiring Diagram of Tirrel Regulator Showing Connections 


This phase of the subject will not be overs in this 


discussion. 
Troubles. 


The troubles that are most liable to occur to any 
type of regulator will be mentioned here in part. 

The troubles may be grouped under the fol gEs 
heads: 


1—Fluctuating voltage. 

2—High voltage. 

3—Low voltage. _ 

4—Frror in voltage. 

5—Error due to compensating winding. 
6—Arcing at relay contacts. 

Fluctuating voltage may be caused by: Loose adjust- 
ment serews causing improper spacing of main contacts. 
Friction in the lever bearings due to lack of oil. Excess- 
ive vibration around regulator foundation. Scarcity of 
oil in the dash pot, which should be filled to within ¥% in. 
from the top and adjusted by means by the by-pass valves, 
so that the plunger will not work too easy. Dash pot 
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Wiring Diagram of Tirrel Regulator, Showing Connec- 
tions for Controlling the Voltage of Two Alternating Current pele: 
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loose on its supports. Interference between cores and 
windings of either direct or alternating current magnets. 
Loose connections. Flat spots or dirt on exciter com- 
mutator. 


If the voltage on the machine runs high and the 
regulator ceases to work, the trouble may be caused 
by an improper connection, especially in the regulator 
rheostat shunt circuit. If connections are found to be 
correct see that both exciter and generator field rheo- 
stats are properly adjusted. If there is not sufficient 
resistance in the exciter field rheostats, the regulator 
cannot hold the voltage down, therefore the trouble 
should be remedied by the adjustment of field rheo- 
stats. 


If the voltage is low and the regulator fails to build 
it up, the trouble may be caused by wrong connec- 
tions, by improper closing of exciter switches on regu- 
lator panel, by the failure to throw the reversing 
switches either clear up or clear down, by an insuffi- 
cient margin in the exciter field rheostat to maintain 
the voltage without the regulator, or by the improper 
setting of the alternator field rheostat. 


An error in the voltage from no load to full load 
without the use of compensating winding must be due 
to the improper adjustment of the core in the alter- 
nating current magnet. 

An error in the voltage when using the compensat- 
ing winding, resulting in a high voltage at no load 
or a low voltage at full load, which requires a correc- 
tion daily for different loads, shows that the levers 
are not adjusted properly and that the alternating 
current magnet voltage should be lowered by means of 
the counterweight. 
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Lesson No. 46 


Consolidated Type **L”? Equipe 
ment 


Although this equipment was discussed to consider- 
able length in our Lessons, No. 20 and 31, certain 
modifications, recently made, warrant further com- 
ments. In this lesson we will also endeavor to cover 
certain points in the construction of the equipment 
in more detail than was done before. The operating 
and maintenance features will be fully covered in a 
future lesson. 


The Generator. 


The generator is a four pole shunt wound machine 
without compound fields, but with two interpoles as 
shown in Fig. 235, these latter being labeled “AA.” 

The function of the interpoles is to eliminate spark- 
ing at the brushes under all conditions of load and 
speed by neutralizing the cross magnetism of the 
armature. As the magnetism due to the armature 
current increases with the load, it follows that the 
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Excessive arcing at the contacts may be caused by 
improper connections. Those that are supposed to 
shortcircuit the field rheostat are often connected 
so that they will shortcircuit the exciter field, which, 
of course, is wrong. A broken or improper connec- 
tion to the condensers will also cause arcing at the 
contacts. 

Special. 


The contacts on these regulators are tipped with a 
special prepared metal which will withstand consider- 
able burning and will operate for quite a long time 
if given the proper attention. They should, however, be 
kept bright and properly spaced and should be renewed 
when necessary. 

The reversing switches should all be placed in a 
like position, that is, if one is up all should be up or 
vice versa. With reference to Fig. 35, the double-throw 
single-pole switches shown under the case are the 
reversing switches, while the next row below are the © 
switches used to cut the regulator into service. 

If an installation of Tirrell regulators is planned for 
any station, it is quite necessary, in order to secure an 
equal division of load, to first ascertain whether or not 
the exciters have the same regulation characteristics. 

The changing of the external shunt on one genera- 
tor also affects the regulation of the other machines 
that are operating in parallel to a certain extent on 
account of the connection through the equalizer. 

Another important point is that the air gap varies 
on different machines.and it is often necessary that 
the air gaps be made alike, or nearly so, before the 
machines can be paralleled. This is easily done by 
shimming up the pole pieces on the machine with the 
greater air gap. 
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neutralizing effect of the interpoles must increase at 
the same rate. The interpoles are, therefor, con- 
nected in series with the armature circuit. This con- 
nection is made on the armature side of the pole 
changing switch to insure a reversal of interpole 
polarity with each reversal of armature polarity. The 
magnetism generated by the interpoles, therefore, at 
all times neutralizes the cross magnetism generated 


_ by the current flowing through the armature coils. 


The Interpoles. 


It will be noted that there are but two interpoles, 
whereas there are four main field windings. These 
two interpoles are twice normal size, however, as 
each does the work of two ordinary interpoles. Elec- 
trical men who have become accustomed to seeing 
interpoles between all field coils may wonder how 
two interpoles are made to do the work of four as 
usually employed. Accordingly, the diagrams, Figs. 
236, 237 and 238, showing the flow of magnetism 
through the generator frame and pole pieces, will be 
of interest. For the sake of clearness we have not 
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shown the magnetic lines of the main generator poles. 
The heavy curved arrows shown in the center of the 
commutator ring represent the cross magnetism or 
armature reaction generated by the main current flow- 
ing through the coils of the armature. 


The fine dot- 
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ly spaced, being closer together at the top and_bot- 
tom than at the sides. 

When operating as shown in Fig. 236, this inter- 
pole magnetism creates a north pole at each side and 
a south pole at the top and bottom, as shown. When 


Figure 230. First step in throwing the Figure 231. 


pole changer upon reversal of car motion. 
Note the cam follower is just entering the 


groove in the cam. blades still 


the right. 


ted lines represent the flow of magnetism generated 
by the two interpoles. 

It will be noted that when the armature is revolv- 
ing in a right-hand direction, as shown in Figure 246, 
both of these interpoles (shown solid) are north poles, 
whereas when the armature is revolving in a left- 
hand direction, as shown in Figure 237, both of the 
interpoles have become south poles, due to the re- 


Second step. 
cam follower is being forced over to the 
right as the came revolves. 
engage the front contacts at 


Note that the Figure 232. Third step. Cam follower 


thrown half way over and switch blade 


The switch midway between the clips. 


the direction of rotation is reversed, however, as shown 
in Fig. 237, the polarity of the brushes and the direc- 
tion of the armature reaction magnetism will both be 
reversed, but at the same time magnetism of the inter- 
poles is also reversed, due to the reversal of current 
flow through the series winding on change in polarity, 
and here again the interpole magnetism neutralizes 
the cross magnetism of the armature reaction. 


Figure 233. Fourth step in changing po- Figure 234. Bottom view of the pole Figure 235. Generator with the pulley 
larity. Note that cam follower is thrown changer showing the cam ‘“B’’ with bevel end housing and bearing plates removed. 
to the extreme right and that knife blade pointed spring follower. This completes The two interpoles are shown at ‘“A-A.” 
now makes contact with the rear switch the throw of the switch and relieves the These interpoles are all of the same po- 


clip. 


versal of current flow through the armature and inter- 
pole coils. 

The result of having two poles of the same polarity 
at opposite sides of the armature is to induce two 
other poles of opposite polarity midway between 
these two; in other words, a south pole is induced at 
the top and another at the bottom point on the arma- 
ture surface, as shown in Fig. 236. These imaginary 
poles are shown dotted. 

Of course, there is no iron in this position, so the 
magnetism will not follow a path midway between the 
two main pole pieces, but will rather crowd into 
either one or the other of the main pole pieces, de- 
pending upon which way the armature is revolving. 
It will be noted that the main field coils are not equal- 


pole changing cam from wear when not 
actuaily reversing connections. 


larity, both north poles when running in 
one direction and both south poles when 
running in the reverse direction. They in- 
duce interpoltes of opposite polarity at the 
top and bottom positions, as explained. 
As explained before, instead of actually inducing 
another interpole at the top and bottom of the ma- 
chine, the interpole magnetism crowds into leading 
pole tips, the magnetism at which point has been 
weakened by the effect of the armature reaction, as 
shown in Fig. 238. When the direction of motion is 
reversed, the interpole magnetism then shifts over so 
as to feed through the right-hand edge of the top north 
pole so that the tip of the pole is then the leading tip 
and its magnetism is weakened. A corresponding 
shifting of the interpole magnetism takes place at the 
bottom, the left-hand edge of the lower north pole here 
being strengthened. The diagram, Fig. 239, shows the 
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distribution of magnetism and the exact effect of using 
the interpoles. The dotted lines show the magnetism 
with no interpoles and it will be noted that here the 
brushes commutate under a fairly heavy field, which 
would cause sparking, whereas, with the interpoles 
the magnetism at the commutating position is very 
low, hence, little sparking. 

Of course, the magnetism of the main generator 
field varies inversely with the train speed, being weak- 
est at the highest train speed. The magnetism of the 
interpole winding, however, for a constant generator 
output is a constant value and accordingly it might 
seem that the interpole at certain very high speeds 
might be able to overcome the main winding, or at 
least materially affect it. This, however, is not the 
case, for the function of the interpole is simply to 


Sectional 


Figure 236. 
generator showing how two interpoles take 


diagram through Figure 237. 
rotating in the 
that brush polarity 
the polarity of the 
versed on 


the place of four, as usually employed. 
Two other interpoles are induced at the 
top and bottom of the generator, as shown 
dotted. Heavy arrows at the center indi- 
cate the magnetism of armature reaction. 
Note that the magnetism of the interpoles 
opposes this. 


236. 


neutralize the ampere turns of armature reaction, gen- 
erated by the current flowing through the armature. 
Since the number of armature conductors remain con- 
stant and the armature current also constant, the am- 
pere turns of armature reactions will be constant. 
Therefore, with a constant magnetic strength in the 
interpole field, this will at all times exactly neutralize 
the armature reaction, whatever the operating speed 
of the generator may be, and the main generator field 
will be unaffected. Where no interpoles are employed 
the main generator fields, which are weakened at very 
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8rush Commutator Bars Brush 
Figure 239. Showing the magnetic distribution across the pole 
faces. Dotted line indicates magnetism without interpole and the 


solid line indicates magnetism with the interpoles operating. Note 
how the interpoles reduce the magnetism to practically zero at 
the point of commutation. 
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Same thing as 236, except 
reverse direction. 
is reversed and that 
interpoles is also re- 
of current 
through the armature and series coils of 
the interpole in opposite direction to Fig. 
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high speeds, may be seriously affected by the arma- 
ture reaction. 


The Pole Changer. 


The operation of the pole changer is clearly shown 
in the moving picture diagram, Figs. 230 to 234, in- 
clusive, which show the various steps in throwing 
over the pole changer. The worm gear of the pole 
changer is driven by a worm cut on the end of the 
armature shaft. This worm gear is thus driven at a 
comparatively slow speed, the ratio of operation being 
1 to 20. As will be noted from the illustration, the 
operating cam is mounted directly on the worm gear. 
The groove in the cam is cut on a spiral and when the 
direction of motion is first reversed, shown in Fig. 230, 
the cam follower enters the groove and is then forced 
over to the right, as shown in Figs. 231, 232 and 233. 


ales vo" 
Pole\Changer 0 
yd 


Figure 238. 
show how two additional interpoles are in- 
duced at top and bottom of the generator. 


The two previous diagrams 
Note 


There being no iron between the main 
fields; top and bottom, however, the magne- 
tism instead of flowing between the two 
fields, as shown, will actually flow through 
one edge of one of the main fields, depend - 
ing upon which direction machine is ro- 
tating. Note how the interpole magnetism 
strengthens the weakened parts of the 
main field. 


flowing 


When it reaches the position shown in 233, it is prac- 
tically at the end of its travel, but here an ingenious 
device is provided in order to relieve the pressure of 
the follower on the cam. The under side of the pole 
changer, Fig. 234, shows how this is accomplished. A 
cam. B is mounted on the knife blade element of the 
switch and turns with it, and when the switch nears 
the end of its motion a small spring latch forces the 
cam over into position and completes the throw of the 
switch, thereby relieving all pressure of the cam on 
its follower and allowing the follower to float without 
any further wear on either cam or follower during all 
successive revolutions of the worm gear. 

The pole changer switch, as shown in Figs. 230 and 
233, is really a double throw, double pole switch, the 
clip at the left-hand side being the center of the double 
throw switch. The switch clips are all made with a 
reverse bend so as to insure uniform pressure over 
the entire surface of the knife blade. 


Bearings. 


The generator is furnished either with the straight 
line sleeve bearing or with any of the standard makes 
of ball bearings or roller bearings. The straight line 
sleeve bearing furnished with this equipment, however, 
is unusually large. The method of removing ball 
bearings or sleeve bearings will be taken up more 
fully in a later lesson. 
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Excessive Growth of Battery 
Plates 


Planté type battery plates frequently grow excessively 
in car-lighting service and it is therefore profitable to 
consider some of the things which cause it. Excessive 
growth of the plates almost always occurs in the positive 
group. This is because an abnormal amount of active 
material is formed, and as this is lead sulphate and 
lead peroxide in a more or less spongy state, it occu- 
pies considerably more space than did the original lead 
from which sulphate and peroxide was formed. ‘This 
fills the spaces between the ribs of the plate with active 
material and as still more active material is formed, 
due to further oxidization of the lead, the plate ex- 
pands to accommodate the new material formed. 

In normal operation of the battery there is always a 
gradual formation of the reserve lead in the positive 
plate. This takes place at a rate just about equal to the 
shedding of active material from the outer surfaces of 
the plate, so that the total capacity of the battery is kept 
about constant and the plates are not stretched by an 
oversupply of active material. 

There are certain chemicals which are frequently 
found in storage battery electrolyte as impurities which 
cause excessive formation of active material in the posi- 
tive plate, and it may be said that these impurities are 
usually the cause of abnormal growth in plates; low 
rate charging, however, will cause this even though there 
be no apparent impurities in the electrolyte. One of 
the most common impurities of this kind is a certain 
amount of forming agent which was used in the original 
manufacture of the plates and which was not entirely 
removed in the process of manufacture. 

There are various types of forming agents commonly 
employed in battery manufacture, forming either the 
nitrate, acetate, chlorate or perchlorate of lead, all of 
which are soluble forms of lead and which form the first 
step in the rapid formation of the lead plate during 
manufacture. Some of these forming agents are more 
stable than others, but nitric and acetic acid are decom- 
posed by battery action and will be ultimately almost 
eliminated as an impurity in the battery. Perchloric 
remains and traces of others. Trouble occurs where 
these traces of forming agents exist in such quantity 
that they form up a large percentage of the reserve 
lead in the plate before they are finally decomposed by 
the current action. 

It is a peculiar fact that nearly every kind of wood 
contains certain substances which are coming in contact 
with sulphuric acid form acids, such as acetic acid, formic 
acid and tannic acid, these collectively being known.as 
“wood acid,” and all of these may act as a forming agent 
if found as an impurity in the battery electrolyte. Some 
woods, such as maple, pine, oak, etc., contain a large 
amount of wood acid, whereas swamp woods, such as 
cypress and cedar, have very little. 

Wooden battery separators are usually treated chemi- 
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cally to remove dangerous amounts of the wood acid 
before being used as separators in the battery. | 

There have been many cases, however, where ordinary 
strips of bass wood have been used as separators between 
the plates, or where wooden blocks have been used as 
bottom rests in the cells, and in many cases such 
wood has been the cause of serious plate formation .in 
the batteries. 

The wood acid is soon washed out of the wood fibre 
by the sulphuric acid of the electrolyte and once in the 
electrolyte, the wood acid immediately begins action on 
the reserve lead of the plate, forming active material. 
The chemical action which takes place is more or less 
simple. The acetic acid of the forming agent attacks 
the metallic lead of the ribs, deep down under the 
active material of the “plate, forming lead acetate, 
which is soluble. This, soluble salt in trying to dis- 
solve in the electrolyte at the point of formation, how- 
ever, immediately comes in contact with the sulphuric 
acid of the electrolyte with which all the active ma- 
terial is soaked and accordingly at once forms a very 
thin layer of the insoluble white lead sulphate over the 
metallic surface of the ribs. The action of the electric 
current on charge soon reduces this lead sulphate to 
peroxide, which is the normal active material of the. 
positive plate. 

The wood acids producing the forming action on the 
positive plates, due to the impurities mentioned, is 
believed by some to also take place at the negative 
plate, but to a less degree. Here, strange to say, a 
small amount of some of the trouble-making impuri- 
ties, mentioned above, actually appear to be beneficial 
for the negative plates. The explanation of this point 
iS simple. Others, however contend that the improve- 
ment is due simply to the lower resistance of the 
wooden separator. 

In normal battery operation the fine grains of the 
sponge lead, making up the active material of the nega- 
tive plate, tend gradually to form larger and larger grains. 
The result of this is that much of the sponge lead is 
rendered inactive because of the fact that it is in the 
center of the larger grains. The active surface of the 
sponge lead is correspondingly decreased and the capacity 
of the negative plate is lowered. This process is known 
as “hardening of the negatives” and is a frequent source 
of loss in battery capacity. 

The forming action of some of the wood acid impuri- 
ties, however, tends to break up any of this formation 
by attacking the grains of metallic lead, forming first 
the soluble lead salts and immediately afterward tead 
sulphate, which on the next charge is broken up into 
sponge lead and sulphuric acid which goes back into 
the electrolyte. 

It is thus seen how these impurities, which ordinarily 
are very injurious, may be somewhat beneficial if they 
exist only in very dilute form. It must be remembered, 
however, that untreated wood in a battery is usually 
injurious and its use should be avoided when possible. 
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dlarry ID. ROohman 


Car lighting engineers of this country and abroad 
will be interested to learn of the entrance of the Frank- 
-lin: Railway Supply Company, New York, into the 
American car lighting field. The Franklin Company 
- arenow manufacturing and placing upon the American 
market the “Stone System” which has been so exten- 
sively employed in all parts of the world, there being 
approximately 70,000 railway cars lighted by this sys- 
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tem now in service. The many friends of Mr. H. D. 
Rohman across the water and his numerous more re- 
cent friends in this country will be interested to learn 
of his recent appointment as chief electrical engineer 
of the Franklin Railway Supply Company, with head- 
quarters at the New York office of that company. 

Mr. Rohman was born in Switzerland in 1883 and 
received a technical training as electrical engineer in 
the University of Zurich. After graduation he en- 
tered the works of the Oerlikon Electrical Construc- 
tion Co., where he was afforded an opportunity of com- 
bining the theory of electrical engineering with actual 
practice among the men on the job. While with this 
company he also had considerable experience with high 
voltage a.c. and d.c. work. 

He later entered the service of J. Stone & Company, 
London, and gradually worked up through the vari- 
ous departments of the company, gaining experience 
in all branches of the business, until in 1910 he was 
appointed chief of the testing and experimental depart- 
ments. In April, 1914, he was appointed chief assist- 
ant electrical engineer and held that position until Oc- 
tober 1, 1915, when he entered the service of the Frank- 
lin Railway Supply Company. 


Personal 
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Mr. Rohman has had a very wide experience with 
car lighting equipments operating under all sorts of 
conditions in various parts of the world. He spent 
over a year in making a thorough study of conditions 
and overcoming the difficulties of operating car light- 
ing systems over a railroad running for 2,000 miles 
through the heart of Africa, where the hot desert 
sands, heavily laden with iron dust, combined with 
the ignorance and unreliability of negro native main- 
tainers, seemed for a time to be almost unsurmount- 
able difficulties. 

In contrast with this, Mr. Rohman “kept the cars 
lighted” on the railways of the Balkan states operat- 
ing in the winter time through the most severe Si- 
berian weather of the Russian steppes. Mr. Rohman 
speaks several languages and undoubtedly his wide 
experience with car lighting conditions, although very 
different from those encountered in this country, will 
make it possible for him to offer some valuable sug- 
gestions to American car lighting engineers. 


Thomas L. Mount 


Thomas L. Mount, who was elected president of 
the Railway Electrical Supply Manufacturers’ Asso- 
ciation at the recent A. R. E. E. convention at Chi- 
cago, has been a live wire in the car lighting game for 
nearly 15 years. 


Tom, as he is best known among his car lighting 
friends, was born in 1880 and received his early educa- 
tion at the Trinity school, New York City. This was 
supplemented by a course in electrical engineering at 
Columbia University. 

He entered the employ of the Consolidated Railway 


‘Electric Lighting & Equipment Company as a drafts- 


man the same year and was later employed in the fac- 
tory as machinist, inspector and electrician in charge 
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of maintenance of car lighting equipments on various 
railroads. He later entered the sales department and 
also served as assistant to Mr. P. Kennedy, chief engi- 
neer. In 1913 he became a member of the board of 
directors and in 1915 was elected third vice-president. 


With the Franklin Railway Supply Company. 

Frank ‘Re Peters, formerly’ witha | tone a Co, 
London, has joined the electrical staff of the Franklin 
Railway Supply Company. 

C. B. Little, one of the electricians of the Baltimore 
& Ohio Railroad, has resigned to accept service with 
the Franklin Railway Supply Company. 

Henry C. Kloos, of The Pullman Company’s elec- 
trical staff, has accepted a position with the Franklin 
Railway Supply Company. 
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Air Pressure Battery Flushing 
Cart 


The illustration shows a two-wheeled cart with wide 
tires, which is very convenient for use about yards 
where the paving is poor to get distilled water into the 
batteries in the cars. 

Our water still is so arranged that the distilled 
water flows into a barrel which is fitted with a brass 
valve at the bottom. Both the still and the barrel are 


The air pressure fiushing cart in use. 
foreman, Chicago coach yards flushing an Edison battery. 
that the cells are not removed from the battery box door. 


Jess Younger, electric 
Note 


mounted high enough to allow the cart to be backed 
under the valve and easily and quickly filled. 

A battery on a car is flushed within fifteen min- 
utes with this cart, as chains with a hook are used to 
keep the battery box door in a horizontal position. As 
each battery is pulled out on the door, all vent caps in 
the battery cells are opened, and as each battery is 
flushed, the vent cap is closed. 

Air pressure, maintained by a small hand pump, 
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With the Westinghouse Electric & Mfg. Company. 


The Westinghouse Electric & Mfg. Company an- 
nounces a number of changes in the supply depart- 
ment which have recently been put into effect. 

Messrs. S. A. Chase, formerly special representative, 
T. J. Pace, formerly in charge of illuminating and recti- 
fier divisions, and Carl G. Schluederberg, formerly 
head of switchboard sales, have been appointed assist- 
ants to manager, Mr. J. J. Gibson. 

Mr. C. E. Stephens, engineer of lighting, Nas) beer 
appointed manager of the illuminating section to suc- 
ceed. Mr. Pace. Mr. C. Streamer, formerly) feagaan 
the order division, succeeds Mr. Schluederberg as man- 
ager of the switchboard section, and Mr. A. P. Joseph 
is appointed head of the order section to succeed Mr. 
Streamer. 
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forces the water into the battery tanks. 
E. W. Jansén, Elec. Engr., I. C. RyS@om mega 


Paint Sprayer for Painting 
Batteries 


The sketch shows a paint sprayer designed by the 
writer and used successfully in the Sunnyside yard 
of the Pennsylvania Railroad for painting Edison 
batteries. It will be noted that the sprayer is made 
from an old blow torch by the addition of an ato- 
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Paint Sprayer for Painting Batteries. 


mizer, an air cock and a pipe for attaching an air hose. 

We found by experience that it required about 30 
hours to paint the batteries with an ordinary paint 
brush. When using the sprayer we can paint the 
cells and trays thoroughly in about six hours, or one- 
sixth the time formerly required. 

Another advantage of the sprayer is the saving in 
paint effected by its use, which is one quart for every 
set of batteries painted. 

W. C. Kershaw, 
Foreman, Electric Car Lighting, Sunnyside Shops, 
Pennsylvania Railroad. 


RAILWAY 


PRAIWAY 
ELECTRICAL ENGINEER 


Published on the first Thursday of every month by the 
SIMMONS-BOARDMAN PUBLISHING COMPANY, 
Woolworth Bldg., New York. 


January, 1916. 


Chicago: Transportation Bldg. 
London: 


Cleveland: Citizens Bldg. 
Queen Anne’s Chambers, Westminster. 


Epwarp A, Simmons, President. 
Lucius B. SHERMAN, Vice-President, Henry Leer, Secy. and Treas. 
Epwarp Wray, Business Manager. 


Roy V. Wricut, Editor. 
K. R. Hare, Associate Editor. Rk. E. TuHayer, Associate Editor. 


Subscription, including postage: United States, Canada and Mexico, $1.00 
a year; Foreign Countries, $1.50 a year; single copy, domestic, 10 cents; 
single copy, foreign, 15 cents. 


Entered as second class matter, January 4, 1916, at the post office at New 
York, New York, under the Act of March 3, 1879. 


WE GUARANTEE, that of this issue 1,800 copies were printed; that 
of these 1,800 copies 1,415 were mailed to regular paid subscribers, 125 
were mailed to advertisers, exchanges and correspondents, and 260 were 
provided for new subscriptions, samples, copies lost in the mail and 
office use; that the total copies printed this year to date were 1,800, 
an average of 1,800 copies a month. 

The Railway Electrical Engineer, and all other Simmons-Boardman 
publications, are members of the Audit Bureau of Circulations. 


Volume 7. JANUARY, 1916 Number 8. 


Table of Contents 


Editorials : 
Car-Lighting Development During 1915................ 223 
MieiwarP JEONG Sasivangd Teac ates Ce eI eee ae 223 
shew alie:ot White- Walls and Ceilings. .............3.- 224 
Can olbtclnhimn cee NCCOUNES erty a iie eerie ace oe ds else tueelae 224 
Cuttine-in Speed for Axle Generators..............:0.. 224 


Me ctiancatOnm eros resseitel Ola este sect oes ccs sis ve et ae ees 225 


Formal Opening of the St. Paul Electrification.............. 226 
a of the Recent Blizzard on the New Haven’s Electrified 

ONO S206 Specs Bone nica eu Oooo nO ERO ee eee 
MEW EEA GUitieS mOme Gar IN OINtIN GA cus ee cs chy ners sis ove 2 fha,6.s 229 
Southern Pacific Six-Volt Electric Headlight Equipment.... 232 
NCCU cat ectenmliohtin@ nse teattes cock ces cet telsmewes 234 
Elimination of Drop Cords in a Large Engine Terminal..... 236 
Shop Motor Section: 

Heed eta VO ltAC er RECIIALOLS sas ace ao c.ccowsids ener nes ss 240 

PNivenMlaiiiou Cit rentm DransrOrINers 4 css cictr. o-)s siclsaie «0 242 
A B C Car-Lighting Course: 

Goansolitiateda: ly pees sa Equipment ..c.1-c0l cade. scene) 244 
Raia dmPMectRicians ys ClUIDs cen ccciie ec ccs oe Seen e tae a arcaes os 247 
PR@cuieell Sia) ¢ Geowelesoe Amo ete DOS OO eo er cracrenraens 248 
EC GSO) Mme eilt:l Ol meen ee EE ga cters eam og ete cess ave Pavoncie.s « «stale 250 
trem Circle NIC Wise S GCLI ON Ome tea Ae tatiana a. oe Midoss Moeleieare hace Gs 251 


Car Lighting Development 
During 1915 


The total number of passenger cars built during 
1915 almost reached the low-water mark of 1908, 
there having been only 1,949 passenger cars built 
during the past year. The large number of orders 
placed during the latter part of the year, however, 
brought the total number of cars ordered during 1915, 
namely 3,092, up to a fair average. Of this number of 
cars ordered, 2,/67 cars, or practically 90 per cent, 
were to be electrically lighted. 

Although the year has been more or less quiet in 
the matter of original development and improvement 
on the part of the railroad companies, there has been 
some notable exceptions. The new system of deck 
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lighting from semi-concealed units in the quarter deck 
—as used in the new steel dining cars and coaches 
recently built for the Northern Pacific—is a novel 
development of the year in car lighting, although this 
principle of lighting has been employed rather exten- 
sively heretofore in other classes of service. 

There have been a number of interesting develop- 
ments in the systems of car lighting employed. The 
head and axle generator system, in which a 171% kilo- 
watt unit is mounted on top of the forward truck of 
the baggage car and, projecting into the baggage car, 
furnishes light for the entire train, has been success- 
fully applied on the Northern Pacific Railway. Two 
such units were purchased during this year and are in 
operation between Minneapolis and Duluth. The reg- 
ulating system employed is simply a Gould simplex 
regulator on a large scale. 

The body-hung suspension seems to be coming into 
vogue, and during the past year the Safety Car Heat- 
ing and Lighting Company has placed on the market 
a completely redesigned generator, with special pro- 
visions for maintaining constant belt tension, to meet 
the special conditions imposed by this new generator 
position. 

Another interesting development in this connection 
is the recent active exploitation in the United States 
of the Stone system of car lighting, so extensively 
employed abroad, by the Franklin Railway Supply 
Company. Special features of this equipment will be 
described in an early issue of the Railway Electrical 
Engineer. 


Motor Efficiency 


In drawing up specifications or requisitions for 
motors to be used in railroad service, we are some- 
times prone to give too much weight to the operating 
efficiency of the motors or generators being pur- 
chased. 

The real function of a motor is not to consume a 
certain amount of energy from the transmission line 
and deliver it at a certain high efficiency in mechan- 
ical power to the machine tool, but rather to give ser- 
vice in making the wheels go when most needed. 

It is unquestionably true that a motor too large 
for the. service will operate at poor efficiency. It is 
likewise true, however, that in railway service there 
come times of extreme rush, in which it becomes nec- 
essary to push locomotives or cars through the repair 
shops with the greatest possible speed. At such times 
any delay in work on locomotives or cars mounts 
rapidly into large sums in money lost, due to not hav- 
ing power or rolling stock available for hauling 
freight. 

At such times shop motors must operate for days, 
or even weeks, at two or three times their normal 
maximum load, and here a motor properly selected 
by a purely scientific individual to operate at a proper 
efficiency for its normal maximum load may fall down 
completely and fail to perform the service required of 
it in times of stress. 

Ability to stand up under overload is a far truer 
measure of the real worth of a motor than a few points 
up or down in the scale of motor efficiency, and cer- 
tainly more than a few dollars more or less in the price 
of the motor. 
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The Value of White Walls and 
Ceilings 

White ceilings and white walls increase the illumi- 
nation efficiency of nearly any lighting system from 20 
to 50 per cent. Although this is particularly true 
where artificial illumination is employed, it is also true 
of daylight illumination. A deplorable number of 
lighting installations have been made without any con- 
sideration as to the efficiency or effectiveness of the 
system, and after being once installed are completely 
forgotten unless a lamp burns out, when it is simply 
replaced. Men of modern efficiency ideas are appreci- 
ating more than ever before, not only the importance 
of keeping the illuminating glassware and reflectors 
clean, but of the value of white walls and ceilings. 

Railroad service is unusually severe on any lighting 
system because of the smoke and soot conditions en- 
countered and it is not at all unusual to find a lighting 
system which has depreciated in two or three months 
to but half of the original lighting efficiency, where 
reflectors and lamps are not cleaned. 

White walls and ceilings have a double value in in- 
creasing the lighting effect, for the light is reflected 
again from the white surfaces and adds to the total 
floor illumination instead of being absorbed as in the 
case of black walls, and at the same time it is much 
easier to see dark objects, as iron materials, machine 
tools, etc., against a white background than against a 
dark background. 

The actual increase in foot candles illumination pro- 
vided is by no means the only advantage, for the gen- 
eral air of cheerfulness always accompanying plenty of 
light has a big dollars-and-cents value in increased 
efficiency of the workmen in railroad shops, freight 
houses, terminals, etc. 

The principle of white ceilings can also be very ad- 
vantageously employed in railroad cars and in rail- 
road stations. The design of modern cars, particularly 
those of the turtle back type, is nicely adapted to 
employing light ceilings, but even with the monitor 
type roof a light yellow ceiling panel and quarter decks 
are not only effective from the illumination standpoint, 
but are artistically beautiful as well. It is a source of 
pleasure to the illuminating engineer to witness the 
passing of the heavy dark wood car interior finish, as is 
taking place so generally in modern steel car construc- 
tion. 


Car Lighting Accounts 


It frequently becomes desirable to compare the cost 
of electric car lighting on one road with similar costs 
experienced on other roads. Any railroad official, how- 
ever, who has attempted to make such a comparison, 
appreciates the difficulties of such a comparison due to 
the non-uniformity of keeping these accounts. Practi- 
cally every railroad has a different method of accounting 
and, of course, the general accounting system which is 
employed by that road will largely determine the manner 
in which the’ car lighting costs are kept. This no doubt 
explains the chaotic condition which now exists in car 
lighting records, where there should be a uniformity of 
methods on the various railroads. 

The article by Mr. E. 5. Macnab on Electric Lighting 
of Railway Cars in the December, 1915, issue, contains 
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important information on this subject, including numer- 
ous record forms in use on the Canadian Pacific Railway. 
We expect to publish similar accounting forms in use by 
other railroads, in the course of the next few months, 
and will eventually make a thorough study of the situa- 
tion. 

It will be remembered that a special committee of the 
A. R. E. E. reported on this subject at the 1912 conven- 
tion of the association, and at that time presented stand- 
ard forms which were recommended for keeping car 
lighting costs and which were accepted by the associa- 
tion. It is certainly to be regretted that more extensive 
use has not been’made of these standard forms by car 
lighting men in keeping their own records and in exchang- 
ing costs with other railroads. 


Cutting in Speed for 
Axle Generators 


The speed at which an axle generator develops 
normal voltage and begins to carry the light and bat- 
tery load is of minor importance on most runs, but in 
other classes of service, such as on branch lines and 
on heavy mountain grade divisions, where the train 
operates at a comparatively slow speed and with fre- 
quent stops, the speed at which the generator cuts in 
becomes a factor of vital importance in the operation 
of the equipment. 

There are a vast number of branch lines and local 
runs in which as high as twenty-five stops in a fifty- 
mile run must be made, and where a maximum speed 
of twenty-five miles per hour is rarely obtained. In 
considering the problem it is also necessary to con- 
sider the rate of acceleration of the train; ordinarily, 
however, the change in speed from zero to ten miles 
per hour is made in about one-quarter of the time re- 
quired for the change in speed from ten to twenty 
miles per hour, and very frequently the train operates 
for a considerable period of time at a speed of from 
twelve to fifteen miles per hour. Under these condi- 
tions. the time of generator operation with a machine 
designed to cut in at ten miles per hour may easily - 
be twice as great as that of a machine set to cut in at 
eighteen miles per hour. 

A generator designed to ‘operate between .a speed 
of ten miles per hour and seventy miles per hour must, 
of course, have its effective field strength reduced at 
highest speed to but one-seventh of the field strength 
at cutting-in speed. It is a well-known principle that 
a slow speed motor is much larger than a high speed 
motor of the same horsepower; for the same reason 
an axle generator designed for a low cutting-in speed 
must be larger and have more powerful fields than one 
of the same capacity designed for a higher cutting-in 
speed. 

Another angle of the problem, rarely considered, is 
that the generator voltage does not always follow the 
rise in train speed. A comparatively low resistance in 
the generator field circuit will greatly reduce the speed 
at which the generator voltage builds up. By eliminat- 
ing or short-circuiting this resistance in the field cir- 
cuit at the period of building up the voltage, it is quite 
possible that the time of generator operation may be 
increased without actually changing the design or 
cutting-in speed of the generator. 
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During a year of great disturbance in all business 
conditions little has been done in the way of initiating 
new railway projects, but the period has witnessed the 
completion of two very important electric traction in- 
stallations and the partial completion of a third on 
steam railways. All three represent departures in im- 
portant details from previous installations and practi- 
cal results will be watched with interest. 

On the Norfolk & Western a freight haulage instal- 
lation was undertaken to relieve congestion by an in- 
crease in train speed and also to produce operating 
savings on the heavy grade division over the Allegheny 
mountains; it 1s conducted under unprecedented condi- 
tions as to density of traffic and train weight. 

The suburban passenger train electrification of the 
Pennsylvania at Philadelphia is an application under 
complicated terminal conditions of an electric system 
which is designed to be adapted for future extension 
over long distance main lines and to then handle all 
classes of service. 

The Chicago, Milwaukee & St. Paul electrification in 
Montana and Idaho applies electric traction to heavy 
train units, both freight and passenger, on a line hav- 
ing heavy traffic and over the longest distance yet at- 
tempted; it is being carried out by an electric system 
quite different in detail from that employed on the 
two railways first mentioned. 

These installations, added to others already in opera- 
tion, furnish examples, representing practically all con- 
ditions and kinds of railway service. Their purposes 
are various. Electric traction has been employed to 
make underground terminals in large cities practi- 
cable; to facilitate safe operation in long tunnels; to 
increase the capacity of lines or of passenger terminals ; 
and to increase the operating capacity on heavy grades. 
In certain of these cases increased economy of opera- 
tion is an important and perhaps a controlling con- 
sideration. The reasons, therefore, have been either 
compelling ones from an operating standpoint, or those 
connected with expected economies. 

The success of this form of traction may be viewed 
from different standpoints, accordingly as the inquirer 
sets the problem for himself. Technically, it has been 
amply demonstrated that electricity cun propel trains 
of any weight at any speed, not limited by other con- 
siderations, and that the apparatus required will func- 
tion reliably ; in fact, notwithstanding the complicated 
mechanism involved and the circumstance that an elec- 
ric system is tied together from the power house to 
the trains, thus requiring that all links must operate 
to secure service, operation has been found remark- 
ably reliable, and, in this respect, an advance on steam 
operation which it superseded. 


* Mr. Gibbs is chief engineer of electric traction, Long Island 
Railroad, consulting engineer, Norfolk & Western, in charge of 
electrification over Elkhorn-Summit, and consulting engineer, 
Pennsylvania Railroad, in charge of electrification work at Phila- 
delphia. Mr. Gibbs is also chairman of the committee on elec- 
trical working of the American Railway Association. 


Increased capacity has been obtained from electric 
operation, both as the result of its ability to concen- 
trate almost unlimited power at the train, and thus 
increase speed and hauling capacity under adverse con- 
ditions, and because in certain kinds of service, such 
as suburban passenger, multiple unit motor car opera- 
tion is substituted for locomotive operation, thus reduc- 
ing shifting and idle movements in congested terminals. 

As regards the aspect of economy, this is not yet 
as clearly defined as might be expected, considering 
the number and variety of installations already made. 
Some of these installations are as yet too new to fur- 
nish comparison, but a factor of more importance is 
that in nearly every case new conditions have been 
introduced with the new form of traction, and thus the 
same things cannot be compared. Another fact is that 
the actual cost of an existing steam service is frequent- 
ly as much in doubt as the probable cost of electric 
operation which is to replace it. This peculiar condi- 
tion exists because railway accounts are not thoroughly 
segregated for the cost of each part of the equipment 
or for each operating division as a whole, much less 
for a particular service on part of a division, as is often 
required. 

Generally speaking, the most attractive fields for 
electric operation from the standpoint of increased di- 
rect net qnoney return on the investment are: (1) 
where traffic is dense over an entire division and where 
the train loads, or speeds, or both, may be increased by 
electric operation, thus utilizing motive power more 
effectively than with steam; (2) for traffic having a 
high load factor, i. e., a fair degree of uniformity 
throughout the day, so that trains may be operated 
with reduced power and labor costs. Long lines with 
thin traffic and terminal station operations do not gen- 
erally furnish an attractive field for electric traction 
from the standpoint of operating savings, although in 
some cases such installations may prove profitable 
where the cost of energy can be largely reduced by 
obtaining it from cheaper sources. 

The indirect benefits of electric operation are, how- 
ever, often controlling in any installation, and among 
these may be mentioned smoke elimination in tunnels 
and underground terminals, increased comfort, speed 
and attractiveness in passenger service, and the in- 
creased line capacity referred to above. 

It is, therefore, to be expected that electric traction 
will continue to develop as regards methods of appli- 
cation, and will be used in the many cases where it is 
well suited to or is required by surrounding condi- 
tions. Electric traction apparently cannot supersede 
steam traction for all, or for even a very large part of 
the railway mileage of the country, unless some radi- 
cally new type of apparatus should be developed, a 
contingency which, unfortunately, does not seem at 
present to be pending. 

A word may be said regarding the technical develop- 
ments which have occurred or have become realized 


226 


during the past year. Electric traction has for several 
years been tending towards extension to long distance, 
or, rather, to entire divisional operation; this is in 
many cases almost essential for proper railway opera- 
tion, as intradivisional transfer of power or train is 
costly and inconvenient. Long distance and heavy 
train-unit traction has made a change desirable from 
the expensive method of distribution of low tension 
direct current power to the trains by third rail con- 
ductors, which requires large capacity of feeders and 
sub-station machinery. The three installations com- 
pleted this year all illustrate the present tendency to 
use an overhead trolley wire of small size, but large 
power capacity, by reason of the high potential of the 
current carried. The Norfolk & Western and Pennsyl- 
vania installations use an alternating current system 
throughout and distribute current at very high poten- 
tial; the St. Paul’s installation uses direct current in 
the trolley wire at a potention which is high compared 
with that used in a third rail, but low compared with 
the practice in alternating current systems. Stand- 
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The first engine division of the electrified section of 
the St. Paul, consisting of 112 miles and extending 
from Three Forks to Deer Lodge, was completed by 
the end of November, 1915. On November 30 the 
trolley system was energized, and on December 1 a 
train consisting of an electric locomotive and a few 
business cars was run over the line. During the fol- 
lowing week various test runs were made, and finally 
on December 8 an exhibition run was made for the 
president of the railway, directors and others in- 
terested. This run consisted in hauling over the divi- 
sion a 3,000-ton train, handled by a single electric loco- 
motive on grades under one per cent, and by two elec- 
tric locomotives on grades over one per cent. The 
grade through Janney, where the president’s party 
was assembled, is 1.66 per cent. 

The electric train was hauled over the grade quietly 
and easily, and passed the party running at the rate 
of about 15 to 16 miles per hour. Following behind 
this train came another of 2,000 tons hauled by two 
of the company’s type “L” steam locomotives, with 
the help of one Mallet pusher. In spite of the fact 
that this train was only two-thirds as heavy as the 
first, the three steam locomotives had difficulty in 
going past the party at the rate of about 10 miles 
per hour. 

It has developed that the 282-ton electric locomotive 
used by the St. Paul can handle considerably more ton- 
nage than the builders guaranteed, and also that its 
system of regenerative braking has proven exception- 
ally successful. In this connection a preliminary test 
made over the tracks of the Butte, Anaconda & Pacific 
may be of interest. On November 13, 1915, one of the 
first electric locomotives to be shipped hauled a 4,941- 
ton train (including the weight of the locomotive) from 
Rocker to the Anaconda yards without the use of air- 
brakes, except to stop at Durant and Anaconda. The 
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ardization, therefore, of electric systems as a whole 
cannot be said to be complete, but progress has been 
made toward the use of overhead conductors as a 
standard, and in the case of the alternating current 
systems, toward uniform characteristics of the cur- 
rent used in the working conductors. 

We may, therefore, as regards further developments, 
properly await experience with the two overhead sys- 
tems now on trial. The relative first cost of these two 
systems does not appear, from present information, to 
differ greatly and the further development of both 
will doubtless proceed for some time. It may well be 
that both will find a place in heavy railway work 
unless one of them is shown to be greatly superior as 
regards simplicity, reliability and cost of operation. It 
is especially important, therefore, that each new instal- 
lation undertaken should be based upon a competent 
examination, not only of the railway operating fea- 
tures, but of the complex technical developments now 
taking place, in order to clarify the problem for the 
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regenerative control was used to hold the train on the 
one per cent down grade, and during this time as 
much as 880 amperes or approximately 2,100 k. w. (at 
2,400 volts) .were returned to the trolley. To de- 
termine definitely just what could be done with this 
method of braking the train was allowed to reach a 
speed of 25 miles per hour on the one per cent down 
grade. When the electric brakes were cut in the speed 
was reduced to 7 miles per hour gradually and 
smoothly. The reduction in speed was accomplished 
without any perceptible jar to the train. With all the 
braking effort concentrated at the locomotive, the 
slack between cars is bunched, therefore eliminating 
all danger of a “break-in-two” from that cause. The 
tests of this type of electric braking on the Butte, 
Anaconda & Pacific showed that a train going down 
grade can return 21 per cent of the electrical energy 
required to move the same train up the same grade 
at the same speed. In cases where an electric loco- 
motive is used as a pusher a run-around track is pro- 
vided at the top of the grade to enable the “pusher” 
to go to the head-end of the train, so that it can assist 
with the electric braking on the down grades without 
taking the slack out of the train. 

The operation of electric locomotives over the 112- 
mile division between Three Forks and Deer Lodge 
marks the completion of the first part of the entire elec- 
trification project covering 440 miles of main line and 
about 200 miles of side tracks, making a total of 640 
miles. Details of this Blectuifeation were given in the 
December, 1914, and January, 1915, issues of the Rail- 
way Electrical Engmeer. 

All tests of the new electrification have been par- 
ticularly successful, and on December 9 the first pas- 
senger train, the St. Paul’s crack transcontinental 
“Olympian” was taken from Butte to Piedmont by an 
electric locomotive. 
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The severe wind, snow and sleet storm which swept 
the upper Atlantic Coast states on December 13 concen- 
trated its efforts and reached its greatest proportions 
over that section of New York and Connecticut trav- 
ersed by the electrified lines of the New Haven. Further 
inland more snow fell, but along the coast the wind 
reached its maximum velocity, and there the snow was 
a freezing sleet. 

The wind at one time reached a velocity of 75 miles 
per hour, and the sleet froze on the wires to an average 
thickness of 13 in., the total diameter over the ice in 
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many instances being 344 in. This storm was very simi- 
lar to the great storm of March 2, 1909, which almost 
completely isolated the city of Washington on the eve 
of Mr. Taft’s inauguration. 

The natural and immediate result of such a severe 
storm was to demoralize all railroad traffic in the area 
affected. The New Haven suffered the greatest dam- 
age because, as above stated, its lines run along the 
coast, where the storm conditions were at their worst. 

Early in the afternoon on Monday, December 13, ice 
began to form on the telegraph and telephone wires 
carried on wooden poles along the edge of the right of 
way, also on the telephone, signal, control, feeder, trans- 
mission and catenary trolley wires carried on the steel 
catenary supporting structures. The ice seemed to form 
faster on the smaller signal, communication and control 
wires. 

Finally the ice became so heavy that the wires started 
to break here and there all the way between Woodlawn 
and New Haven. By six o’clock Monday evening the 
telegraph and telephone wires on the wooden poles were 
lying in a tangled mass on the ground, with perhaps 50 
per cent of the poles lying on the ground with them. 
The smaller communication and control wires carried on 
the catenary structures held up better, but even they 
came down in numerous places. The stronger trans- 
mission and feeder wires did not fail at any point from 
the weight of the ice alone, but in one or two isolated 
cases they did fail because of a broken insulator, a 
grounding arc through snow on the insulators or a short 
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circuit caused by smaller wires falling from above. The 
catenary trolley system did not fail at any point at any 
time. 

With all communication, signal and traction control 
wires out of order it was of course impossible to main- 
tain a regular schedule, so the efforts of the operating 
officers were expended in rounding up all the steam loco- 
motives available and keeping as many trains on the road 
as facilities and safety would permit. This in itself was 
a hard task, as the New York division is normally oper- 
ated largely by electric power, and only 25 steam freight 
locomotives were available. Adjacent divisions, because 
of delays, due to snow on the track and loss of signal and 
communication wires, needed all their steam locomotives, 
and could send none to the assistance of the New York 
division. The result was that only about 10 per cent of 
the regular number of trains were run during Tuesday 
and Wednesday, December 14 and 15. 

All efforts on Monday and Tuesday were, first, to re- 
store “communication” with the sectionalizing bridges se 
as to determine the extent and location of the trouble 
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Fig. 2. 
Telephone Line. 
of the Steel Cross Arms on the Catenary to Bend as Shown. 


Effect of the Sleet on the Wooden Pole Telegraph and 
The Weight of Ice on the Wires also Caused One 


and, second, to get the “control” wires through to these 
bridges so that trolleys and feeders could be sectionalized 
and tested out. 

It was very important to restore electric operation be- 
tween New York and Stamford (the west end of the 
electrified zone) first, so as to take care of the heavy 
suburban service between these points. Under the condi- 
tions prevailing steam operation east of Stamford was 
more favorable for the reason that an enginehouse and a 
turntable are located at that point. 

To do this work the electrical officers finally recruited 
about 150 extra linemen to assist the two regular emer- 
gency crews. These men worked day and night for 48 
hours under heart-breaking conditions to get the im- 
portant wires back in service. During the greater part 
of this time the wind was so high that the men had to 
wear handkerchiefs over their faces to protect themselves 
from the driving sleet. 
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Finally on Wednesday afternoon about three o'clock 
electric operation was started on the western end of the 
division. From that time on as additional sections of the 
signal, communication and control wires were re-estab- 
lished the train service was increased until Sunday, De- 
cember 19, traffic conditions were again about normal. 

One fact that speaks well for the forethought and con- 
cern of the railroad officers is that there were no casual- 
ties whatever during the trouble. When, from govern- 
ment warnings, it became apparent that a severe storm 
was approaching, orders were given to all concerned to 
use the greatest care in safeguarding passengers. With 
this end in view all freight trains were side-tracked early 
Monday afternoon. 

The question naturally arises when considering this 
tie-up—why was electric operation impossible if the elec- 
tric traction current was available at all times? The an- 
swer is that the “communication” wires and the “control” 
wires carried on the steel catenary structures were com- 
pletely out of service. 

The “communication” wires are used by the load des- 
patcher, who is located at the central power station, to 


A Common Sight Along the New Haven After the Severe 
Wind and Sleet Storm of December 13. Note. 


Fig. 3. 


keep in touch with the tower operators at the different 
sectionalizing bridges along the line. The “control” wires 
furnish the power for operating the remote control, sec- 
tionalizing circuit-breakers which are located on the 
bridge and are connected in the transmission feeder and 
trolley circuits. Normally when a ground, broken wire 
or other trouble occurs the bridge operator nearest the 
trouble “calls up” the load despatcher over the “com- 
munication” wires and makes a report of the trouble, giv- 
ing details as to its nature and location. The load des- 
patcher immediately refers to his transmission, feeder 
and trolley diagrams and determines what sectionalizing 
switches should be opened to successfully isolate the 
trouble and what switches must be closed to make use 
of the duplicate transmission and feeder lines. His de- 
cision made, he instructs the bridge operator to operate 
certain switches and, if the trouble is serious, orders out 
the emergency crew. In such a case, after the trouble is 
isolated and the extra feeders, etc., are thrown into ser- 
vice electric operation on other parts of the system is not 
affected. Furthermore the emergency crew can be given 
definite instructions regarding the nature and location of 
the trouble which fact greatly minimizes the time re- 
quired to make repairs. With the above facts in mind 
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it is easy to understand how a few minor grounds or 
breaks in the transmission, feeder or trolley circuits could 
tie up the entire system if all “communication” and “con- 
trol” wires and circuits were out of order. If these 
troubles could have been isolated and if the extra dupli- 
cate circuits could have been connected in there would 
have been no interference with the electric operation ex- 
cept that caused by the snow on the track. 

A typical steel catenary support structure with its trans- 
mission, signal, control, communication and trolley wires 
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Fig. 4. Diagram of a Typical Steel Catenary Trolley Supporting 
Structure Used by the New Haven, Showing the Location of the 
Various Wires Carried on the Uprights. These Supports Are 300 
Ft. Apart. : 


is shown in Fig. 4. A table giving the B. & S. gage 
number and circuit reference of each wire follows: 


Sketch B. & S. Gage 
No. Circuit. No. 

je 

2— North three-phase transmission wire 0000 

i 

4— Feeder No. 3 0000 

i i 11,000 volt signal circuit 3 

7— Control No. 1 3 

8— Feeder No. 1 3 

ae } Telephone “Communication” 10 Copper 
Clad Steel 

iii Feeder No. 4 0000 

i2= 

13— South three-phase transmission circuit 0000 

14— 

15— Feeder No. 2 0000 

16— Control No. 2 3 

Ss \ 22,000 Volt Signal Circuit 3 


On one section of the line an old No. 00 feeder was 
being used as a control wire, and it weathered the storm 
successfully, while, as stated above, the No. 3 control 
wires failed in many places. A comparison of the prop- 
erties of the two sizes of control wires shows that al- 
though the ratio between their diameters is only 1.6 to 1, 
the relation between the tensile strength of each is 2.5 
tort 

To provide a quick temporary means of telegraph and 
telephone communication, the telegraph department, im- 
mediately after the storm, started to lay 30 miles of two 
twisted-pair wires along the right-of-way. These wires 
were strung on the catenary structures, on fences, along 
the ground, any way to get them through. Later a 20 
pair cable was laid out in the same way. 

The New Haven is at this time conducting a most 
thorough investigation of the whole tie-up, and complete 
facts as brought out by the investigation will be printed 
in a future issue. 
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West Oakland Yards, S. P. Co. 
Je Je lack, Engr., Traim Lighting, Heating and Ventilation 


The Southern Pacific has recently installed complete 
facilities in its coach yards at West Oakland, Cal., for 
the maintenance and repair of electric train lighting 
equipment. ‘The facilities include a series yard charg- 
ing system and a train lighting building. 


straight storage systems for the reason that service 
conditions are such that the batteries arrive in various 
StatesrObechatve, ) Inethis case, however, the Series 
charging system was chosen because of its low first 


Circuit Diagram of the Series Charging System, West Oakland Yards, Southern Pacific. 


Circuit Numbers Are Shown 


in Circles. 


Charging System. 

After a complete study of the conditions peculiar to 
this yard it was decided to use the series system of 
charging batteries. Ordinarily the constant potential 
system gives better results for the reason that each 
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yard (2500 it:), the feeders required for the constant 
potential system would have been excessively large 
and expensive. 

he-yard-chareingysystem consists of D.B. R.C. 
cables installed underground in conduit, with 140 


Fig. 4. 


battery takes current according to its condition. This 
system is especially adaptable to yards in which most 
of the batteries are used in connection with axle or 


about 90 ft. apart between each pair of tracks. 
five to seven of these outlet boxes are connected in 


Switchboard in the Generating Room, Showing the Standard Plug Receptacles at the Left, the Carbon Pile Rheostat Handles 
in the Center and the Generator and Power Entrance Panels at the Right. 


Crouse-Hinds type U. G. C. D. outlet boxes located 
From 
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series on each circuit. The charging current is con- 
trolled at the main switchboard by eight 75 ampere, 
3,000 watt, Allen Bradley carbon pile rheostats. All 
conduit was laid in red-wood trunking and covered 
with pitch. 

An interesting feature of the yard charging installa- 
tion is the method of protecting the yard outlets. Each 
pair of outlets is covered by an A shaped frame made 
up of two pieces of angle section steel placed about 
14 in. apart and riveted together at each end by a steel 
plate. The frame is rigidly set in concrete. The de- 


Fig. 3. Yard Charging Outlet, Showing Crouse-Hinds Type U. G. C. 


D. Outlet Boxes with Protecting Frame. 


tails of construction and application of the outlet 
protection frames are clearly shown in Fig. 2. 

Another special feature of the installation is the 
telephones connecting with the generating room which 
are located at convenient points in the yard. Their 
purpose is to facilitate putting cars on charge by per- 
mitting easy communication between the yard and the 
generating room, thus saving considerable of the in- 
spectors time. 


Train Lighting Building. 


The train lighting building which is located cen- 
trally at one side of the yard is a two-story brick struc- 
ture, 125 ft. long by 30 ft. wide. The ground floor is 
divided into a 17 ft. by 30 ft. generating room and a 
108 ft by 30 ft. battery room. The ceiling height of 
both rooms is 14 ft. The offices of the engineer of 
train lighting, heating and ventilation, together with a 
100 ft. by 30 ft. machine shop and winding room are 
located on the second floor. 

Single unit, enameled steel reflectors with tungsten 
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lamps are used throughout for lighting except in the 
battery room where vapor proof globes with guards 
are used because of their acid resisting qualities. 


Fig. 2. One Section of the West Oakland Yards Showing Arrange- 


ment and Location of the Charging Outlets. 


Generating Plant and Switch Board—The gener- 
ating plant consists of a motor-generator set made up 
of one 75 h.p., 3 phase, 440 volt induction motor direct- 
connected to two 25 kw., 125 volt, 200 ampere, direct 


Fig. 6. 


Near View of Charging Outlets Used in the Battery Room. 


current generators, one located on each side of the 
motor. Three phase power at 440 volts is received 
from the generating plant of the railroad company. 
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The switch board is made up of six panels, as shown 
in Fig. 3. The first panel to the right is equipped 
with one single phase watt hour meter for lighting, one 
polyphase watt hour meter for power and four 3.P.S.T. 
knife switches for both light and power circuits. 
The second or generator panel is equipped with a volt- 
meter, ammeters, voltmeter plug receptacles and plug, 


Fig. 5. Battery Room. Showing the Traveling Crane with Air 
Walls. 
field rheostats, circuit breakers and three S.P.S.T. 


knife switches. The three single pole switches are in 
the three wire 125 to 250 volt system obtained by 
connecting the generators in series and tapping the 
connection common to both. With this system both 
125 and 250 volts is available for charging purposes. 
Each of the two central panels is equipped with four 
Allen Bradley rheostats, each of 75 amperes capacity 
and capable of dissipating 3,000 watts; four D.P.D.T 
knife switches for throwing either 125 or 250 volt 
current supply on the yard charging lines, and four 
S.P.D.T. knife switches for connecting the ammeters 
into the various yard charging circuits. 

The fifth and sixth panels are equipped with Ander- 
son Type G charging receptacles. The receptacles on 
the fifth panel are connected with the rheostats on the 
two center panels, while those on the sixth panel are 
connected to the yard or battery room charging cir- 
cuits. 

Battery Room—tThe battery room is a large well 
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lighted room with a row of windows down both sides. 
The ceiling and the upper half of the walls are painted 
white while the lower half is painted black. Floor 
space sufficient to accommodate 60 sets of 30 volt, 300 
ampere hour storage batteries is available. The special 
equipment in the battery room consists of a traveling 
crane with an air hoist, two washing benches, one large 


The Electrolyte Tank and the Charging Outlets Around the 
Note the Cheerful Effect of the White Walls and Ceiling. 


tank for distilled water, and an elevated 1,000 gallon 
tank for electrolyte. The tank is so arranged that 
batteries may be filled directly from it by means of a 
flexible hose. 

Machine Shop and Winding Room—The machine 
shop and armature winding room occupies most of the 
upper floor of the train lighting building and is excel- 
lently lighted by a well distributed installation of 60 
watt mazda lamps in flat cone reflectors. As in the 
battery room, the ceiling and walls of the shop are 
painted white, which materially increases the efficiency 
of the ighting, both day and night. 

A testing switch board is provided on which the fol- 
lowing test voltages may be obtained: 

oe 


440 volts 3 phase 
220 volts 3 phase 
110 volts 3 phase 
220 volts single phase 
110 volts single phase 


These voltages are required for testing the electric 


DE XC 
250, 125, 60, and 30 volts. 
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apparatus repaired in the shop, where general repair work 
for the west end of the line is taken care of. 
Additional equipment in the machine shop and armature 
winding room consists of one 3-ton hydro-electric 
elevator, two 24 in. by 11 ft. lathes, one drill press, 


Fig. 7. Machine Shop and Winding Room. 


Southern 
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one emery wheel, one 10 h.p. variable speed motor for 
operating the shop machine tools and also for run- 
ning axle light machines while under test, one lamp 
dipping rack, and one electric bake-oven for armature 
coils. 


As in the Battery Room, the Walls and Ceiling Are Painted White. 


Six-Volt Electric 


By A. lal. Babcock 


Consulting Electrical Engineer, Southern Pacific, San Francisco, Cal. 


About a year and a half ago the Pacific system of 
the Southern Pacific replaced all its acetylene head- 
lights. with incandescent lamps of the automobile head- 
light type, but of larger size. The idea of automobile 
lighthing was carried throughout the entire installa- 
tion, even to the fittings employed in the cabs and to 
a portable. trouble lamp on a long cord, to take the 
place of the old smoking torch. One of the illustra- 
tions shows the type of automobile light fittings that 
in practice has been found satisfactory, except that 
under extreme summer desert temperatures, combined 
with high boiler temperatures, fittings that are made 
of molded rubber, or its equivalent, have softened. 
These are now being replaced with fittings of the 


vitrified type. The material required for making this 
change on each locomotive is as follows: 


LIST OF MATERIAL FOR ONE LOCOMOTIVE 


100 ft. No. 4 Stranded slow burning weatherproof wire. Triple 
braid. 
100 ft. No. 14 Stranded slow burning weatherproof wire. Triple 
braid. 
3 ft. No. 8 Stranded slow burning weatherproof wire. Triple 
braid. 
10 ft. No. 18 American Special brewery cord. Two-conductor. 
50 ft. No. 14 Type Bx, twin conductor, flexible armored 
30 ft. 144-inch Economy (enameled) conduit. 
10 ft. l-inch Economy (enameled) conduit. 
1 ft. %-inch Economy (enameled) conduit (for nipples). 


january, 1916. 


2 l-inch Conduit pipe clamps. 

15 14-inch Conduit pipe clamps (for flexible cable). 
1%4-inch Conduit locknut. 

2 l-inch Conduit locknut. 

10 ¥%4-inch Conduit locknut. 

2 Y-inch Pipe nuts. 

Z l-inch T. & B. conduit bushings. 


— 
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1 Cat. No. 9003, Type 3, ™%-inch black enameted Unilet. 
AY EG. 

1 Cat. No. 6000, blank metal cover, enameled. A. E. Co. 

2 Cat. No. 3100, Type 1. %-inch black enameled Unilet. 
Large size with End Knockout. No cover. A. E. Co. 

FS118C %-inch Condulet. 
11 No. 038467 fittings for No. 14 Bx. flexible cable. 
Switch tor Portable L Mght 


I” FS 1:8C.Condulet 


/ Conduit ; Switch and Flush Switch in 
Switch and Cab Light Terminal E8118 C.Condvlet 
a Tereninial ses Detatl E Box for Portable Lamp 
al cat io ies igre 
——— (i Uj -— 
jz la i oa ! Conduit 
Wy i SDE ; 
: lg lock Nut’ | Unilet \ Gage Unilet- 
iL Detail A \. Lights 
\ Detail 
| ee | 


DO pk) 


\ 


Vita 


General Arrangement of Six-Volt Electric Headlight Equipment, 


3 ¥%-inch Chase nipples. 

2 11%4-inch to l-inch Pipe reducing bushings. (for Unilets). 

2 Cat. No. 33014, Type 3, 1%4-inch x 1%4-inch x 1-inch black 
enameled Unilet. Appleton Electric Co. 

1 Cat. No. 9069, Type 8, 1%-inch elbow. A. E. Co. 

3 Cat. No. 6130, blank metal covers, enameled. A. E. Co. 


t-/"Condu/ ” ible Stee! 
Eee fH / Conduit to L"RH. Flexible Stee: 
Ae ore Pe Head hight Riera | ‘Screw Armored Cable 
eae = u a ss 
ak 14 Conduit [~) 4 yf 
Pier et Io s ae Hand Rall op 4 
fl ( Unilet with a eteae s 2 Conduit Nipple 
ea core ip ie Pong 
i e a 
ke—-—— [ea Cut light thread 50 2 Lock Nuts 


that (twill just take 
Jock nut easy- 


Detail A. 
No.4-E. Vesta 


Terminals to Lamp 
be taped Socket 
i 2c.p.Lamp 


4c.p.Lighf Curved aluminum re- 
a flector, pressed into 


unilet and under lugs. 
No./§-E. Vesta Sermi- 


Z"Orill, Flush Socket 
pe 3 2 Chase 
anid ft Migs Gage Lamp 
els B14! | $ox/4 Strap Iron fastened Detail C. 
| 


Tape well with Bult topresent lamp bracket 


Friction Tape 
To Switch and 


——4 
Present wo Terminal Box 


Bolt 


ib 28 
poet | 


len-at—-ol He 7 Drill 
: ema, Aaa 
Method of Mounting Indicator Light. 
Detail B. 
From Switch) 2 Flush 
ond at ag A Cab Wall Switch 


| Cut four Slots so end 


Tape well fo take 
will clamp lamp socket 


mechanical strain 
on cable 


£ Chase Mpple 
‘No./8 American 
WNo.4-E. Vesta Lamp Socket, To Trouble ‘ol pei 
¥ Ream fitting te take fiber lamp gs ai ag 


part of socket Detail D. 
Cab Light, Detail E. 


Details of Automobile Fittings Used in Six-Volt Headlight 
Installation. 


1 Cat. No. 9041, Type No. 1, l-inch black enameled Unilet. 
AY 5. (Gi 

1 Cat. No. 6102, All-porcelain cover. 
BeeCo, 


2 wire outlets, A. 


Southern Pacific. 


Z No. 038453 90-deg. connectors for No. 14 Bx flexible 
cable. 

4 No. 038569 S. P. shallow flush switches 
switches for switch and terminal box). 

1 No. 034826, S. P.-S. T. 60 amp. 250 volt knife switch, 
front connected. Terminals for No. 4 Stranded Cable. 

1 No. 4022 Bryant keyless screw base mogul lamp socket 
for %-inch pipe. 

1 G. E. 523 mogul socket. 


(includes 3 


Screw shell with spring catch 


only. Put in headlight case for extra lamp. 
Train Indicator Jo per Trouble 
eae 4 No.4 Twin Conductor, Flush Switch ded 


Flexible Cable 


Terminal 
Board iin 
Base of 
Headlight 


Battery No./4. Twin Conductor 4 
+ Flexible Cable 


Engine Numb 
Se ap XS No./4 Twin Conductor, 
— 3 \) Flexible Cable 
ain indicator, 60Amp. 5.2.5.1. 
ae Knife Switch 
Wiring Diagram for Six-Volt Electric Headlight and Cab Lights. 


3 No. 4E Vesta lamp sockets, screw terminals. Vesta 
Accumulator Co. 
& No. 1SE Vesta plug socket, semi-flush, steel dash. V. 
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1 No. 73 Vesta trouble lamp complete, except bulb and 
cord (includes plug at end of lamp). V. A. Co. 

3 No. 037410 2 c. p. 6-Volt round auto tail light. Edison 
Base. 

2; No. 037410 4 cp. 6-Volt round auto tail light. Edison 
Base. 

Z No. 037411 6 c.p. 6-Volt round auto side light. Edison 
Base. 


1 140 c.p. 5%-volt nitrogen filled lamp with mogul base. 
1 No. 56354 Westinghouse Electric & Mfg. Co. hand con- 
nector complete for battery connections. 
In placing the lamps, particularly those in the cab, 
the principle followed has been to direct the necessary 
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amount of light on the spot where it is needed and to 
cut off all extraneous light, with the result that very 
small lamps give entirely satisfactory illumination and 
the sensititveness of the engine crew’s eyes is not 
diminished unnecessarily. 

There are now 900 of these headlights in service and 
their performance has been remarkable. The old 
acetylene or are headlight reflector can be used by 
simply covering the openings. A new opening should 
be cut in the vertex of the reflector and the incandes- 
cent lamp, with its focusing device, inserted from the 
rear. Lamps for six-volt circuits, especially in the 
sizes used for headlight purposes (108 watts), have 
strong and heavy filaments; consequently they may 
be wound into an exceedingly small cylinder not more 
than \%-in. in diameter by %-in. long. This can be 
accurately placed in the focus of the reflector, resulting 
in a concentrated beam of light of great penetration. 
The beam candle power measures approximately 
1,046,000, while the mean spherical candle power of 
the lamp itself is only 140. On the other hand, if a 
wide beam of less power is needed, as for example on 
crooked track in the mountains, it may be obtained 
by an adjustment of the focus. There is no flickering 
or jumping of the light as with the arc headlight; and, 
furthermore, while the arc lamp has a mean spherical 
candle power intensity of from 800 to 900, according 
cording to conditions of the lamp and length of arc, 
its beam candle power, with the same reflector, is only 
165,000. 


Certain manufacturers of 32-volt arc headlight out- 


TOD 
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The following code of lighting, prepared by committees 
of the Illuminating Engineering Society, while intended 
as an aid to industrial commissions and other similar 
bodies who are interested in enactments, rules and regu- 
lations for better lighting, is intended in equal measure 
for the industries themselves as a practical working guide 
im individual efforts to improve lighting conditions. 

The code is divided into three parts; the first consists 
of the recommendations for legal enactment, the second 
gives eight rules designed to aid in the accomplishment 
of best results, and the third is devoted to a liberal dis- 
cussion of the fundamentals of illuminating engineering 
involved in and the advantages obtained from better 
factory, mill and shop illumination. The calculation of 
daylight illumination and the design of windows, sky- 
lights, etc., is given careful consideration and for this 
reason alone the code serves as a valuable practical refer- 
ence. 


Part I 


Article I. Daylight—AIl buildings hereafter con- 
structed must be provided with adequate window area. 
Awnings, window shades, diffusive or refractive 
glasses must be used for the purpose of improving 
daylight conditions or for the avoidance of excessive 
brilliancy wherever they are essential to these ends. 

The windows, skylights, saw-tooth or other roof 
lighting constructions, are to be arranged with reason- 


*Code copyrighted by the Iluminating Engineering Society. 
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fits are using 32-volt incandescent lamps, burned up to 
37 volts, in the same reflectors with the hope of secur- 
ing increased illumination by forcing the candle power. 
On account of the fragility of the longer filament of 
the 32-volt lamp, this hope cannot be realized ; in fact, 
tests show that even under these conditons the beam 
candle-power is less than one-half that of a six-volt 
lamp. Furthermore, the steam consumption of the 
turbo-generators designed for arc headlight purposes 
is from 250 to 450 lb. per hour, while that of the 
most recent six-volt turbo-generator for cab lighting is 
less than 50 lb. of steam per hour. The cost of installa- 
tion is also slightly in favor of the six-volt outfit. 

The portable trouble lamp was hung convenient to 
the engineman’s head for his use when reading orders 
until it became evident that the portable light was also 
convenient around automobiles, of which our engine- 
men seem to have many. In fact, the practical re- 
sults indicate that they found the trouble lamps more 
useful in the automobiles than in the engine, with the 
result that the trouble lamp is now being replaced 
with a fixed lamp over the engineman’s head with a 
switch convenient to his hand. 

For the reason that these installations were some- 
what rushed, owing to legal requirements, there was 
not sufficient time to develop a suitable electric genera- 
tor, and it was necessary to use a battery. Stationary 
charging stations were installed at the locomotive 
turning points, where the locomotives leave their ex- 
hausted batteries and take full batteries, just as they 
take their supplies of sand, lubricant and water. 


etter Lighting 


ably uniform bays, and the daylight openings shall be 
so designed and proportioned that at the darkest part 
of any work space, when normal exterior daylight con- 
ditions obtain, there shall be available at least a mini- 
mum intensity equal to three times the minimum in- 
tensities given in Article V for artificial light. 

(Note: The intensity requirements for daylight are 
higher than those for artificial light because the phys- 
ical condition of the eye during the daytime is usually 
such as to require a higher intensity of natural light 
for satisfactory vision than is required at night under 
ordinary well designated artificial lighting systems.) 

Article II. Old buildings at present constructed and 
not having adequate window area, must be provided 
with adequate artificial light according to the follow- 
ing articles, so as to supplement the natural light dur- 
ing normal daylight hours. 

Article III. All buildings, whether old or hereafter 
constructed, must be provided during those hours of 
work when natural light is insufficient or not available, 
with adequate artificial light according to the follow- 
ing articles: 

Article 1V.—Adequate intensity of the light must be 
provided for each class of work, both on a horizontal 
plane as well as on a vertical plane passing through 
the work, according to Article V. In all cases, how- 
ever, glare on working surfaces is to be avoided as it 
tends to reduce the visual efficiency of the workmen 
and to increase the likelihood of accidents. 
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Article V. Artificial Light; Intensity Required — 
The average illumination intensity throughout any 
month actually measurable in foot-candles on a hor- 
izontal plane through the work is to conform to the 
following table. Uncertain cases which arise as to 
how to classify given manufacturing operations are to 
be left to the judgment of a lighting expert. 


Minimum Desirable 
foot-candles foot-candles 

Class of work intensity intensity 

Storage, passageways, stairways, and the like. 0.25 0.25— 0.5 
Rough manufacturing and other operations. ., 1.25 1.25— 2.5 
Fine manufacturing and other operations.... 3.50 Shes) SY) 
yPOCIal CASES OL MNEV WOK. chic oss ss occ cee — 10.0 -15.0 


Where operations are performed on the sides of the 
work in hand, they shall be classified according to this 
table, and if the illumination is furnished from an over- 
head system, it shall preferably be not less than 50 per 
cent. of the foregoing values, when measured on a 
vertical surface. If the illumination is furnished by 
an individual lamp or by lamps close to the work, the 
intensity shall conform to the minimum or desirable 
intensities required in the foregoing table. 

(Note: As a guide to inspectors and others, it may 
be stated that with modern lamps roughtly 1 candle- 
power per square foot produces an effective illumina- 
tion of 3 foot-candles when the lamps are arranged 
according to the uniformly distributed overhead sys- 
tem, with mounting heights ranging from 12 to 16 ft. 
above the floor, and when the light is directed from 
said lamps to the work in an efficient manner. A 
rough idea may thus be secured of the candlepower 
per square foot necessary to conform to the foregoing 
table of intensities by taking one-third of the intensity 
values given in the foregoing table.) 

Thus for fine manufacturing and other operations, 
the minimum foot-candle intensity is 3.5, which is ap- 
proximately equal to 1.2 candlepower per square foot. 
The use of a portable photometer or illuminometer, 
however, is recommended for the determination of 
existing systems and all uncertain cases are finally 
to be established by these instruments. 

Article VI. Lamps and machinery jointly, are to 
be so arranged as to avoid the casting of shadows 
over belts and other obstructions on important parts 
of the work, and the distribution of light from the 
lamps should be such as to avoid sharp contrasts of 
light and shade on the work. 

Article VII. Inspection and regular maintenance of 
all lighting systems is required in spaces where work 
is being conducted, and in no case must the lighting 
devices, whether windows, lamps or auxiliaries such 
as globes and reflectors, be allowed to deteriorate, due 
either to dirt accumulations or to burned-out lamps, 
more than 20 per cent. below the minimum intensity 
values required by Article V. 

Article VIII. Roadways, yards and places not usu- 
ally frequented must either be provided by illumina- 
tion during working hours when natural light is ab- 
sent, or partly absent, to make them safe against acci- 
dent to employees traversing or engaged in such 
places, or a convenient control or controls must be 
placed at the entrance to basements, stock rooms, and 
the like, so that a person on entering can readily turn 
on the lamps beforehand. 

Article IX. Stairways and passageways must be 
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provided with lamps and reflectors or shades carefully 
located so as to shed their light generally over the 
entire space or spaces involved, and in sufficient quan- 
tity to make the stairways and passages safe against 
accident to employees traversing or engaged in such 
places. For intensities see Article V. 

Article X. Each working space is preferably to be 
illuminated by lamps mounted overhead according to 
the system of general lighting, in preference to indi- 
vidual lighting. The overhead method of lighting, 
besides possessing many other advantages, also tends 
to reduce dark spots throughout the floor area, a fea- 
ture usually objectionable with the use of individual 
lamps. This particular Article is not an absolute re- 
quirement, but a suggestion enforceable at the discre- 
tion of a lighting expert. 

Article XI. Auxiliary lighting should be provided 
in all large work spaces, such lamps to be in operation 
simultaneously with the regular lighting system, so as 
to be available in case the latter should become tem- 
porarily deranged. 


Part II 
Explanatory Rules 


The foregoing articles are supplemented by the fol- 
lowing rules, which will aid in the observance of the 
requirements contained in the articles; tend to reduce 
eye trouble and accidents; and help in the securing of 
favorable results in planning lighting systems. 

1. Lamps should be equipped with reflectors or 
shades for minimizing glare and economizing light. 

2. Asa general plan, mount the lamps high and out 
of the ordinary line of vision. 

3. Although the types of reflectors and shades, and 
reflector and shade holders or fitters on the market 
are numerous, it is recommended that the holder or 
fitter, as well as the reflector or shade be selected with 
reference to placing the light source at the proper point 
in the reflector or shade so as to eliminate glare, due 
to exposure of the light source, and also for the pur- 
pose of directing the light from the lamp effectively 
to the work. 

4. Light thrown vertically downward is not the only 
important component of the resulting illumination. 
The sides of machinery, machine tools and work, as 
well as horizontal surfaces often require good light. 

5. Control few lamps in each group so that lamps 
not needed may be turned off conveniently. 

6. Keep windows, lamps and reflectors clean, since 
large losses of light result from the accumulations of 
dust and dirt. 

7. Provide a maintenance department if the shop is 
large enough to warrant it, so that all the items asso- 
ciated with the upkeep of the lighting system may be 
cared for systematically. 

8. Keep ceilings and upper portions of walls a light 
color for the purpose of rendering both natural and 
artificial lighting more efficient and better diffused. 
The lower portions of walls should be a color which 
is restful to the eyes, preferably a medium tint, typified 
by the tint known as factory green, or a rather dark 
shade of yellow. Other medium tones are also avail- 


able. 
Part III will be printed in subsequent numbers. 
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Drop Cords im a 


The illumination of the recently completed engine 
facilities and shops of the Northern Pacific at Missis- 
sippi street, St. Paul, Minn., is an excellent example 
of modern illuminating engineering practice. ‘The 
terminal consists of a 35-stall roundhouse, a power 
house, machine shop, blacksmith shop, tank shop, 
paint shop, coal dock, oil house, storehouse and a 
building containing the lavatory, oil-can room, locker 
room, bulletin room and foreman’s office. The strik- 
ing feature of the lighting system employed in the 
terminal is that all buildings are adequately and eff- 
ciently lighted without the use of a single drop cord. 


A Night View Taken Without Flash in the Roundhouse. 
Note the Wide Angle Beam From the Wall Mounted Unity Head 
Lights. 


[AKC ths 


The elimination of the drop cord as a source of 
light was made possible by using distributed ilu- 
mination furnished from high candlepower tungsten 
lamps mounted overhead and also by using special 
fixtures for lighting desks, benches, steam gages, water 
glasses, etc. Except for yard and tunnel lighting the 
Unity cast-iron fixtures manufactured by the Adams 
& Westlake Company, of Chicago, were used through- 
out, These fixtureés are cast an /one piece iron base 
to reflector and were selected for this installation be- 
cause of their rugged and non-corrosive qualities. 
Special pains were taken to provide a sufficient num- 
ber of extension outlets in each building so that all 
cases where.a portable lamp would be needed were 
takenucare Of: 

When the question of designing the lighting system 
for the terminal first came up it was decided to install 
some system that would not require drop cords. Past 
experience with this type of lighting unit) had) fur= 
nished ample proof of its high installation and main- 
tenance costs, its danger as a fire hazard and, last 
and perhaps most important, its low illuminating effi- 
ciency. “No drop cords” was therefore adopted as a 
slogan and the result finally obtained is a striking 


Engine Terminal 


example of what can be done without using this once 
king of lighting units. 

The lighting installation in each building is the re- 
sult of a careful study of the special conditions and 
requirements. The size and spacing of fixtures, which 
was given special attention, is based on careful hori- 
zontal foot-candle calculations. Proof that such pro- 
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Fig. 2. Plan and Section of the Roundhouse, Showing: Details of 
the Lighting Installation. 


cedure is justified is found in the fact that nowhere 
in the terminal is there either too much or too little 
light. 

It will be of interest to briefly describe the important 
features of the hghting installation in each building. 


Roundhouse 


The system used was to mount a Unity roundhouse 
headlight fixture at each end of every stall, as shown 
by Fig. 1. The fixtures are mounted on the wall six 
feet above the floor so as to project the light inte 
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the space between the engines. The results obtained 
from these fixtures are especially good because of 
their wide diffusing angle. Another advantage is that 
they are absolutely gas and water tight, which means 
that the white enamel reflector will stay clean indef- 
initely. The illumination produced by this type of 
fixture is shown in Fig. 2. 

Ralco No. 21 extension receptacles are provided on 
the two posts between each pair of stalls. The plug 
used with this type of extension outlet is practically 
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Fig. 3. Section and Plan of the Machine Shop, Showing the Loca- 
tion and Size of the Lighting Units. 


unbreakable, being simply a piece of hardwood with a 

hole through the handle for the wire, and two copper 
contact plates screwed to the other end. The recep- 
tacle was designed especially for railroad service and 
consists of a standard Ralco porcelain receptacle 
mounted in a one-piece cast-iron case. 

In the drop pit section of the roundhouse 250-watt 
flat Unity reflector sockets and brackets are mounted 
20 ft. above the floor and between the pits on 25 ft. 
centers. The flat reflectors were used so that the tops 
of the locomotives would be well illuminated. Ralco 
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extension receptacles were also provided in the drop 
pit section. The drop pits themselves are lighted by 
two Unity headlights placed one at each end in bev- 
eled recesses made when the concrete was poured. 

The drop pits are also provided with a Ralco No. 21 
extension receptacle. 


Machine Shop 


The scheme followed in the general lighting of the 
machine shop was to hang 250-watt Unity reflector 
sockets over head, 20 ft. from the floor. In the ma- 
chine tool bay deep bowl reflectors were used and 
were hung in three rows, 16 ft. apart with 22 ft. be- 
tween units. In the erecting bay flat reflectors were 
used and were hung in three rows, 23 ft. and 24 ft. 
apart, with 22 ft. between units. In both bays the 
end fixture in each row is a 250-watt Unity bracket 
fixture fastened to the wall. Bowl fixtures were used 
in the machine bay to shield the lamp filiments as 
much as possible and to concentrate the light on the 
working plane. Flat fixtures were necessary in the 
erecting bay to provide proper illumination on the 
tops of the locomotives. The location of fixtures in 


Fig. 4. 
the Illumination From One of the 1,000-Watt Mazda ‘‘C’”’ 
in a Maxolite Reflector. 


Night View of the Yard Near the Machine Shop, Showing 
Lamps 


the machine shop is shown in Fig. 3 and a night view 
of this shop taken without flash hght is shown in 
Fig. 4. 

The work benches along the wall of the machine 
bay were lighted by 60-watt Unity brackets with bowl 
reflectors, each provided with a rotary snap switch 
in a condulet. These fixtures are plainly seen at the 
extreme right of Fig. 4. The general lighting effect 
in this, as well as in other shops, is greatly improved 
by the white walls. 


Powerhouse 


The powerhouse consisted essentially of a 57 ft. 
by 46 ft. engine room and a 48 ft. by 46 ft. boiler 
room. The bottom of the roof trusses are 20 ft. above 
the floor in each case. 

The engine room is lighted by a double row of 250- 
watt Unity bowl ceiling fixtures mounted on the bot- 
tom of the two wooden trusses. ‘The rows are 12 
ft. apart and the nine units are staggered on 10 ft. 
centers. It had been the practice formerly to use two 
1,000-watt fixtures in engine rooms of this size, but 
although such a system costs less the shadows pro- 
duced around the generating units, air compressors, 
etc., were objectionable. The use of a greater number 
of smaller size units makes a more satisfactory in- 
stallation. 

A special feature of the lighting installation in the 
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engine room is the lamp sockets and Hubbel attach- 
ment plug receptacles in type K condulets which are 
located on the engine frames. Both generating units 
are equipped with an automatic oiling system and 
the 40-watt lamp located near the main bearing en- 
ables the engineer easily to see the oil drips. The 
attachment plug receptacle is used to plug in an ex- 
tension cord when making adjustments or repairs on 
the engines. 

The pump pit which is located at one side of the 
engine room is well lighted from the main engine room 


Fig. 6. Night View of the Machine Shop, Taken Without Flash. 
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above the boilers, two 40-watt lamps in outlet boxes 
with wall guards were mounted on the lower member 
of the roof trusses. The water glasses and steam 
gages are lighted by special Unity gage lamps per- 
manently fastened in position by wrought iron straps 
bolted to the water column or to the boiler proper. 


Blacksmith Shop 


The blacksmith shop is a one-room brick building 
90 ft. long by 60 ft. wide with a steel truss supported 
roof. 
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Note the Bench Lighting at the Right, and the Cheerful Effect of 


the White Walls. 


units but at one end under a slab of concrete, forming 
a bridge between the door and the engine room proper, 
four 60-watt lamps are used in type V189 condulets. 
The pump pit is also provided with two Hubbel at- 
tachment receptacles in type K condulets. It should 
be mentioned that the Hubbel receptacles were used 
in all cases where the extension cord would not be 
subjected to extremely hard service, such as in the 
power house, oil house, storeroom, etc. The heavier 
and more rugged Ralco receptacles and plugs were 
used in places where the Hubbel would not stand 
up, such as in the roundhouse, erecting bay of the 
machine shop, etc. 

In the boiler room two 250-watt deep bowl Unity 
reflector sockets are hung over the space between 
the boiler fronts and the coal bunkers, at a height of 
18 ft. Around the sides and behind the boilers 40- 
watt lamps in outlet boxes have been provided to- 
gether with Hubbel attachment plug receptacles in 
type K condulets. Bracket fixtures were not used 
because when cleaning tubes, etc., it is desirable to 
have light well distributed over the entire side and 
back of the boilers. To provide the necessary light 


The lighting plan of this building is similar to that 
of the machine shop, eight 250-watt deep bowl Unity 
reflector sockets are supported from the roof trusses 
in three rows, 15 ft. apart. The lighting units are 
staggered so that three of them are in the outside rows 
and two in the center, the distance between any two 
fixtures being 20 ft. The mounting height is 15 ft. 
The work benches are provided with 60-watt deep 
bowl Unity brackets, located about 10 ft. apart and 7 
ft. from the floor. The illumination obtained from | 
such an installation is excellent. The floor, tools and 
benches are well lighted without any perceptible glare, 
and there is a marked absence of shadows due to the 
proper distribution of the units. The watts per square 
foot (2.7) in this building is rather high, but not 
too high considering the gas and smoke usually found 
in a blacksmith shop with the resultant deterioration 
of fixture efficiency. 


Tank Shop 


The tank and paint shops are in one brick building, 
similar to the machine shop, 120 ft. long by 100 ft. 
wide outside and are separated by brick partitions. 
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The tank shop is 96 ft. by 67 ft. inside and is lighted 
by twenty 250-watt lamps in flat reflectors hung in 
four rows 24 ft. apart with 20 ft. between units. The 
two outside rows are brackets fastened to the brick 
walls while the two inside rows are reflector sockets 
suspended from the roof trusses. The paint shop has 
a similar installation except that the 15 units used 
are in three rows 22 ft. apart. There are six Ralco 
No. 21 extension outlets in the tank shop and four 
in the paint shop. Flat reflectors were used in both 
shops so as to properly light the tops of the engines 
and tenders. 


Sand House 


The sand house is a wooden building 86 ft. long 
and 22 ft. wide, divided into a 17 ft. by 22 ft. stove 
room and a 69 ft. by 22 ft. storage room. The stove 
room is lighted by two and the storage bins by four 
60-watt deep bowl Unity ceiling fixtures mounted 12 
ft. above the floor. 


Oil House 


The oil house is a brick and concrete structure with 
one story and a basement and is 47 ft. long by 27 ft. 
wide inside. The lighting installation on the main 
floor consists of six 100-watt Unity bowl ceiling fix- 
tures in two rows 9 ft. apart with 15 ft. between units; 
mounting height of all units, 10 ft. These fixtures 
were placed over 4-in. outlet boxes which were 
embedded in the concrete ceiling beams. The base- 
ment, which contains the oil tanks, is lighted by four 
40-watt lamps in type V1I89C condulets. A 100-watt 
Unity bracket with flat reflector and with a base 
threaded to take a Y%-in. conduit coming through 
the wall is placed over each door on the outside. 


Storeroom 


The storeroom is a two-story brick building with 
a full-sized basement. Part of the main floor is oc- 
cupied by the master mechanic’s office, but the greater 
part of the floor is taken up by the storeroom proper, 
which consists of a shipping room and a room con- 
taining 14 tiers of material racks or shelves. These 
tiers are 6 it. apart and 20 it. long by 3 ft. wide by 
10 ft. 8 in. high and are lighted by two 100-watt Unity 
ceiling fixtures with bowl reflectors between each pair 
of tiers. The mounting height of these fixtures is 11 
ft. and they are placed on 10-ft. centers. The main 
aisle between the tiers of shelves is 60 ft. long and 
is lighted by two similar fixtures on 30-ft. centers. The 
results obtained by the use of ceiling fixtures for 
lighting these shelves exceeded the expectations of the 
designers of the installation. It was thought that this 
was one place where drop cords were absolutely nec- 
essary to get sufficient light into the individual com- 
partments formed by the shelves and the vertical par- 
titions. The perfect diffusion and lack of glare which 
characterizes the present system, however, shows that 
it is better in every way than the drop cord system, 
including safety and economy. 

The shipping room and the offices are lighted by 
100-watt ceiling fixtures with 60-watt bracket lamps 
mounted at convenient places on the walls for in- 
dividual desk lighting where shadows from the over- 
head lighting would be objectionable. The second 
floor and the basement are both large open spaces 117 
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ft. long by 27 ft. wide used for storage only. Their 
lighting installations are identical, each consisting of 
eighteen 100-watt Unity bowl ceiling fixtures, mounted 
11 ft. above the floor and placed in three rows of six 
units each, 16 ft. between rows and 8 ft. between 
units. Such an installation is equivalent to .58 watts 
per square foot, and produces an average illumination 
of about 1.75 foot candles. This is not too high con- 
sidering that in such a storeroom it is necessary to 
read labels and other marks on boxes, name plates 
on machinery, etc. Ordinarily such places are not suf- 
ficiently lighted and many fires are caused by the care- 
less use of lighted matches. Conforming to a stand- 
ard adhered to throughout, a flexible switch control 
was provided so that all lights not actually needed could 
be turned out. 
Foreman’s Office Building 


The scheme of lighting followed here was to use 
100 and 150-watt ceiling fixtures throughout. - Flat 


Fig. 6. 


View of the Roundhouse Circle, Showing Two of the 
1,000-Watt Maxalite Yard Lighting Fixtures, One on the Pole and 
One on the Steel Cable Suspension System, Which Also Supports 
the Overhead Feeders for the Turntable. 


reflectors were used in the lavatory and in the bulle- 
tin room while bowl reflectors were used in the locker 
room and offices. 

Yard Lighting 

The cinder pit, spaces between buildings and the 
roundhouse circle were amply lighted by 1,000-watt 
Mazda C lamps in Maxolite enameled steel reflectors, 
No. 7825, mounted 30 ft. above the ground on Cutter 
pole fixtures. A night view near the machine shop 
showing the illumination from one of these units is 
shown in Fig. 5. 

A view of the roundhouse circle is shown in Fig. 6. 
Two of the 1000-watt yard-lighting fixtures are provided 
here as shown. This view also shows the novel overhead 
entrance of the turntable feeders. 
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Feeder Voltage Regulators 
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The modern practice of installing large generating 
units in central stations and distributing stations ne- 
cessitates the installation of individual feeder regula- 
tors to keep the correct voltage on feeders which have 
their peak loads at different times. The several dif- 
ferent kinds of feeder regulators are classified as in- 
duction type and switch type, single-phase and poly- 
phase, hand operated and automatically operated. The 
regulators described in this discussion will be of the 
General Electric manufacture. 

These feeder regulators are variable ratio trans- 
formers, or compensators, which have two separate 
windings, primary and secondary, connected respec- 
tively across and in series with the feeder to be con- 
trolled. With the exception of a very small loss, the 
product of volts and amperes on both sides of the regu- 
lator is equal. For example: If there were 100 volts 
on the feeder that showed 100 amperes at the switch 
board, assuming there was no loss in the regulator and 
assuming that it had a 10 per cent boosting and 10 per 
cent lowering range, the voltage on the feeder side of 
the regulator in its maximum boosting position would 
be 110 volts and the current would be 90.901 amperes, 
while the voltage on the feeder side, with the regula- 
tor in its maximum lowering position, would be 90 
volts and the current, 111.11 amperes. 


Induction Regulators. 


The induction regulator is designed for use in one, 
two, three and six-phase circuits, and although used 
formerly for the regulation of voltage on the rotary 
converter, it has been used more recently for the regu- 
lation of voltage on lighting and power feeders. The 
poly-phase type was formerly used on three-phase 
work, but where there is a four-wire, three-phase sys- 
tem, it is better practice to use single-phase regulators 
by placing one on each of the three main wires. 

The induction regulator gives a smooth variation in 
voltage and avoids any necessity of switching. This 
type is preferable to the step-by-step regulator which 
was once in general use, and which varied the voltage 
by cutting in and out sections of the transformer wind- 
ings. The induction regulator is a special type of 
transformer in which the mutual inductance may be 
varied by mechanically rotating the primary winding 
with reference to the secondary winding. The primary 
winding is connected across the feeder circuit, while 
the secondary winding is connected in series with the 
feeder circuit. Single-phase induction regulators have 
a secondary induced voltage whose value depends on 
the relative angular position of the primary and sec- 
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ondary coils, but which is always in phase with the 
primary voltage. The feeder voltage is therefore al- 
ways equal to the arithmetical sum or difference of the 
primary and secondary voltages. Poly-phase induction 
regulators have a constant secondary induced voltage 
which differs in phase from the primary voltage by 
an amount depending on the angular relation between 
the primary and secondary windings. The feeder volt- 
age is then the vector sum of the primary and sec- 
ondary voltages, 

The two windings are arranged on separate, circu- 
lar, concentric sheet iron cores, one of which is sta- 
tionary and the other arranged so that it may be par- 
tially rotated within the former. The series or sec- 
ondary winding is arranged in slots on the inside cir- 
cumference of the stationary core, and the shunt or 
primary winding in similar slots on the outside circum- 
ference of the movable core and the variation in the 
feeder voltage produced by the regulator is entirely 
due to the change in the relative angular positions of 
these cores. 

The winding of both primary and secondary cores 
are in effect polar windings. When a given pole of 
the primary is opposite a similar pole of the secondary, 
the regulator will boost the line voltage, but will lower 
it if a dissimilar pole is opposite. The change from 
boost to lower is gradual, because a given primary 
pole is rotated through the angle between a similar and 
a dissimilar pole of the secondary. The single-phase 
and poly-phase methods of accomplishing this are rad- 
ically different, therefore each will be taken up sepa- 
rately. 


Single-Phase Regulators. 


The arrangement of the primary and secondary cores 
and windings is shown in Fig. 36, in diagrammatic 
form. As there is only one excitation winding, the 
magnetizing flux is an alternating one and its direction 
is always parallel to that diameter of the movable 
core which passes through the center of the exciting 
coils, but its direction may be varied with respect to 
the stationary core and, consequently, with respect to 
the stationary or series winding. 

With the armature in such a relation to the field that 
the primary windings induce a flux opposite to that 
induced by the secondary, the voltage induced by the 
primary in the secondary is added directly to the line 
voltage, but is subtracted when the direction of the 
flux is the same; the complete range being obtained 
by rotating the armature through an angle of 180 
degrees. As the core is rotated gradually, the relative 
direction of the primary flux and, consequently, the 
amount forced through the secondary coils, is simi- 
larly varied and produces a gradually varying poten- 
tial in the secondary from the maximum positive 
through zero to the maximum negative value. The in- 
duced potential is, however, always in phase with 
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the excitation and is added directly to or subtracted 
from the line voltage. 

The primary or rotating core contains two windings 
—the active or shunt winding connected across the line 
and the second winding, short-circuited on itself and 
-arranged at right angles to the shunt winding. The 
object of this short-circuited winding is to decrease 
the reactance of the regulator, as follows: As the 
primary and the short-circuited windings. are both on 
the movable core and permanently fixed at right angles 
to each other, the flux generated by the primary wind- 
ing passes through either side of the short-circuited 
coil, and is not affected by it in any way whatever, for 
as long as no flux passes through this coil there is 
no current flowing through it. This condition is, how- 
ever, only true when the armature is in the maximum 
boost or maximum lowering position with current flow- 


From 
Generator 


Fig. 36. Schematic Diagram Showing Arrangement of the Pri- 
mary and Secondary Cores and Windings, ana Also the Short- 
Circuited Primary Winding of a Single-Phase Feeder Voltage 
Regulator. 


ing in the series winding and in any position of the 
armature with no current in the secondary. 

With the armature in the neutral, or no boost or 
no lower position, the flux generated by the current 
in the secondary winding passes equally on either side 
of the primary coils, which cannot, therefore, neu- 
tralize the flux generated by the secondary. 

If the primary were not provided with a short-cir- 
cuited winding, and were rotated from either maximum 
position so as to reduce the primary flux passing 
through the secondary, and if the line current remained 
constant, a gradual increasing potential would be re- 
quired to force the current through the series winding, 
and a correspondingly increasing flux would have to 
be generated. This voltage would become a maximum 
with the armature in the neutral position, due to the 
fact that in this position the shunt coils are at right 
angles to the series coils and, therefore, entirely out 
of inductive relation to them. The current in the sec- 
ondary, therefore, would act as a magnetizing current, 
and a considerable part of the line voltage would have 
to be used to force the current through these coils. 
The voltage so absorbed would be at right angles to 
the line voltage and the result would be a poor power- 
factor on the feeder. 

The short-circuited winding on the armature, how- 
ever, which is in a direct inductive relation to the 
series coils when the armature is in the neutral posi- 
tion, acts as a short circuit on the secondary winding 
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and, thereby, reduces the voltage necessary to force 
full load current through this winding to very little 
more than that represented by the resistance drop 
across the secondary and short-circuited windings. 
This short-circuiting of the secondary is gradual, from 
zero in the maximum boosting position of the regula- 
tor to the maximum short-circuiting in the neutral, so 
that by the combined effect of the primary and the 
short-circuited coils, the reactance of the secondary is 
kept to within reasonable limits, and produces no ap- 
preciable effect on the line. 

The operation of the short-circuited coils does not 
increase the losses in the regulator, but rather tends 
to keep them constant for a given secondary current. 
In rotating the armature from either maximum to the 
neutral position, the current in the primary diminishes 
as the current in the short-circuited coil increases, 
so that the total ampere turns of the primary plus the 
ampere turns of the short-circuited coils are always 
approximately equal to the ampere turns of the sec- 
ondary. 

The exact arrangements of punchings and windings 
for a small type of induction regulator is shown in 
detail in Fig. 36, although the number of slots and com- 
parative number of coils increases for larger sizes of 
regulators. 


Poly-phase Regulators. 


In the poly-phase regulator the excitation is pro- 
duced by the combined action of shunt windings con- 
nected across separate phases of the system. The 
shunt windings for different phases must be identical 
in every way and arranged so that the various wind- 
ings magnetize a given pole of the regulator in the 
same direction; that is, each pole of the regulator is 
wound with as many distinct and separate windings 
as there are phases, and these windings are connected 
to the line in the same order as similar windings on 
the generator. The magnetizing flux produced has a 
practically constant value, but does not have a con- 
stant direction. The magnetic field is a rotating one, 
not an alternating one as in the single-phase type and 
the speed of rotation of the field per pole is the same 
as that of the generator. 

All the slots on the circumference of a poly-phase 
regulator are filled with the windings of the various 
phases symmetrically arranged. The secondary or 
series windings is similarly arranged on the inside cir- 
cumference of the stationary core; and the voltage pro- 
duced in the secondary is due to the rotation of the 
flux produced by the combined action of the primaries. 
The voltages generated in the series winding of the 
various phases are, therefore, of the same value, and 
are constant for all positions of the armature, and the 
variation of the line voltage produced by the regulator 
is due to a phase displacement. 

Due to the rotation of a similar field produced by 
the current in the series coils, the current in the shunt 
windings is constant, regardless of the position of the 
armature, for a given line current, and the current in 
the shunt windings is taken from the line or deliv- 
ered back into the system as the armature is rotated 
from maximum boost to maximum lower in the same 
phase relation as represented by the secondary voltage. 

This condition is due to the fact that the current in 
the series winding determines the direction of current 
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in the shunt winding in the same way that the voltage 
across the shunt winding determines the direction of 
the voltage in the series or secondary winding. 

With the arrangement of shunt windings necessary 
in the poly-phase regulator, the impedence of the de- 
vice is, therefore, small without the use of the short- 
circuited coil as required in the single-phase device, 
and the total ampere turns of the primary are equal 
to the total ampere turns of the secondary. This ac- 
counts for the current in the shunt winding being out 
of phase with that in the series coils in any other 
than the maximum boost or lower positions. 


Design. 


The cases that enclose the cores and windings are 
similar to those of transformers and the manner of 
cooling these regulators is carried out in the same way 
as with transformers. Where cheap water is avail- 
able, good cooling effect can be obtained by using 
a water-cooled type of regulator, which is filled with 
transil oil and is equipped with a water coil. The 
heat is transmitted through the oil to the water coil, 
where it is carried off by the flow of water. The oil 
is an electric insulator and also a heat conductor. 

The power factor of the induction regulator is not 
as high as some types of regulators where parts of 
the windings are cut out and in for varying the voltage, 
but the power factor of the feeder is lowered very little 
by having the regulator connected to it. 

The efficiency of any piece of apparatus is the ratio 
of its output to its input and the output equals the 
input minus the losses. The only losses in a feeder 
regulator are the resistance loss of the windings and 
the excitation current which together amount to from 
3 to 7 per cent of the kilowatt capacity of the regula- 


tor. The efficiency of these regulators would then vary 


from 93 to 97 per cent, depending on their capacity. 
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Vole 7, Nows: 
Poly-phase Windings. 


Poly-phase induction regulators are wound with a 
distributed type of winding, such as used on practi- 
cally all alternating current motors and generators. 
There are, however, more difficulties to be met with 
in the winding of the regulator than with the induc- 
tion motor, because each winding of the stator and 
rotor of the regulator must be considered by itself, also 
the rotor must have a definite angular position rela- 
tive to the stator in order that the mechanical maxi- 
mum and minimum positions will coincide with the 
electrical positions. 

A three-phase regulator usually has the primary 
winding placed on the rotor and may be connected 
either delta or star. There are three separate series 
windings usually placed on the stator, with both ends 
of the coils brought out so that all connections can 
be made from the outside of the case. Since the volt- 
age impressed on the shunt windings produces a rotat- 
ing magnetic field, and since this magnetic field also 
cuts the conductors composing the series winding, a 
voltage of practically constant value will be generated 
in each of the three series coils regardless of the angu- 
lar position of the series coils. 

The phase direction of the voltage in each of the 
series coils will vary, however, depending on the 
relative angular position of the stator and rotor. Since 
the series coils are in series with the line, whatever 
voltage is induced in these coils will be added vectorily 
to the line voltage. If the respective primary and sec- 
ondary voltages are in phase and in the same direction, 
a maximum voltage will be obtained on the feeder side 
of the regulator, but if the respective voltages are in 
phase, but in the opposite direction, a minimum voltage 
will be obtained. In any other position the voltages 
will be between the two extremes. é 
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Article No. 9 


Transformers 


One of the principal reasons for the extensive use 
of alternating current, in addition to the simplicity of 
the generating and current using apparatus, is the 
facility with which its voltage may be changed to suit 
varying conditions of transmission. The apparatus 
in general use for changing alternating current volt- 
age is an ideally simple and rugged piece of appar- 
atus called a transformer. For the purpose of this 
article, but one transformer will be considered, the 
constant potential type, in general use on lighting and 
power circuits for the transformation of voltage and 
in which there are no moving parts. 

A transformer generally consists of an iron core 


*Consulting Engineer, Chicago, IIl. 


completely encircled by the turns of one or more 
insulated copper wire coils which may be wound upon 
it. Any number of coils may be wound on a single 
iron core to suit required conditions. Two coils are 
necessary to make a complete transformer; the one 
which is connected to the receiving circuit being 
called the primary coil or winding and the coil con- 
nected to the delivering circuit is known as the sec- 
ondary coil or winding. The coils or windings are 
completely insulated from each other and the iron 
core, the character of the insulation depending on the 
difference between the primary and secondary volt- 
ages. The action of the transformer may be briefly 
described as follows: If an insulated coil wound on 


an iron core is excited by an alternating current, an 


alternating field will be produced in the core. The 
effect of this field is to generate or induce an electro- 
motive force in every turn of wire wound around the 
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core, whether it is an independent coil or a series of 
separate coils each connected to its individual cir- 
cuit. The primary and secondary electro-motive 
forces or voltages are proportional to the number of 
turns in the primary and secondary coils. For ex- 
ample, if there are 100 turns in the primary coil and 
1,000 in the secondary and an alternating current of 
100 volts is impressed on the primary coil, the sec- 
ondary coil will deliver a current having a voltage or 
pressure of 1,000 volts. Similarly, if an electro-motive 


force of 1,000 volts is impressed on the core having 


S7urns 


ISU ale 


Diagram of Transformer with One Primary and One 
Secondary Coil. 

1,000 turns a voltage of 100 will be produced in the 

coil having 100 turns. 

While the above is a simple statement of the action 
of a transformer, the laws of turns and voltages will 
be dwelt upon more fully in order to make clear some 
of the more complicated actions which can not be 
described clearly in a general statement. When the 
core of a transformer is excited by connection to an 
alternating current circuit, the flux generated induces 
an electro-motive force in every turn of wire about 
the core, whether it is an independent coil or the same 
coil in which the voltage was impressed from the out- 
side. This electro-motive force is the result of a com- 
bination of several electro-motive forces and_practt- 
cally is equal to the primary electro-motive force divided 
by the number of turns on the primary coil. It is almost 
directly opposed in phase to the primary electro-motive 
force; that is, when the outside electro-motive force has 
a maximum positive value, the force which is generated 
in each coil wound on the core has nearly equal negative 
value. The impressed and induced electro-motive forces 
are so nearly equal in value and opposite in relation that 
the impressed electro-motive force in the primary coil 
and the induced electro-motive force in the secondary 
coil just about balance each other and the actual current 
which flows, owing to the difference in the two forces is 
very small. The current flowing as a result of the dif- 
ference between the impressed and induced electro- 
motive forces is called the magnetizing current. 

From the foregoing it may be seen that the best 
design of transformer for a given service is one in 
which the magnetizing current required is very small. 
A certain amount of iron in the coil is required for 
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given working conditions and if these conditions are 
varied from, the magnetic flux in the core may be so 
great as to cause heating or loud humming. When 
such conditions obtain, the magnetizing current will 
be very large and the impressed electro-motive force 
will differ to a great extent from the induced electro- 
motive force, both in magnitude and phase relation. 
Transformers are designed for one voltage and if 
this is varied from, poor regulation or voltage ratio 
and heating may result. If, for instance, we place a 
transformer designed for 100 volts on a 500-volt cir- 
cuit, the magnetization of the coil would be so great 
that in all probability the transformer would heat 
badly and hum loudly when carrying its rated load. 

To illustrate the law of turns and voltages as ap- 
plied to transformers, let Fig. 1 represent diagrammati- 
cally a transformer consisting of an iron core A and 
primary and secondary coils B and C respectively. If 
primary coil A has 10 turns and an electro-motive 
force of 10 volts is applied to the coil, an electro-mo- 
tive force of 10 volts is generated and, since the im- 
pressed and induced electro-motive force are practi- 
cally equal, very little current can flow. Each turn of 


/0Turns 


Fig. 2. 


Diagram of Transformer with One Primary and Two 
Secondary Coils. 

the coil is capable of producing 1 volt pressure. If 
secondary coil C, with 5 turns, is now wound on the 
core A, a voltage of 1 volt would be generated in each 
turn because it surrounds the same magnetizing flux. 
Since the coil has 5 turns the total voltage of the coil will 
be 5 volts. This will make clear the fact that any second- 
ary voltage may be obtained by providing the required 
number of turns in the secondary coil. 

When current is taken from the secondary coil C, 
having 5 turns, equal to one ampere, it must be noted 
that this current flowing as a result of the electro- 
motive force differing in phase from the primary 
electro-motive force, generates a demagnetizing in- 
fluence on the core of 5 ampere turns. With 10 turns 
in the primary coil B one-half ampere will be required 
in order to produce 5 ampere turns. Thus, in taking 
1 ampere at 5 volts from the secondary coil, one-half 
ampere at 10 volts is absorbed in the primary coil, the 
same amount of energy. It is very important to note 
that the ampere turns in the primary coil will exactly 
balance the ampere turns in the secondary coil and 
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whether the secondary current lags behind or leads 
its electro-motive force.’ Thus the insertion of a 
transformer in a circuit transmits back to the cur- 
rent generating apparatus all the lagging or leading 
effects due to inductance or capacity in the secondary 
receiving circuit. The above statements are not en- 
tirely exact, as a certain amount of energy is lost in 
heating the copper in the coils and magnetizing the 
iron. 

As it is sometimes found desirable to obtain more 
than one voltage from one transformer, Fig. 2 is 
given to show the arrangement of coils and the results 
obtained. A represents an iron core, B the primary 
coil, having 10 turns, on which an electro-motive force 
of 10 volts is impressed. C and D represent two sec- 
ondary coils of 2 and 3 turns respectively. A pressure 
iof 2 volts will be obtained from coil C, which has 2 
turns, and an electro-motive force of 3 volts from Coil 
D, which has 3 turns. By connecting the two second- 
ary coils in series an arrangement similar to Fig 1 is 
obtained with an electro-motive force from the second- 
ary coil of 5 volts. The separation of coils illustrated 
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Lesson No. 47 


Consolidated Type “LL Equipe- 
ment 


In last month’s lesson we described the construction 
and operation of the Consolidated Type “D” generator, 
and in Lessons Nos. 20 and 31 the system as a whole 
was described, so in this lesson we will confine our- 
selves simply to the care and maintenance of the 
equipment. ) 

Greasing the Ball Bearings 


in order touproperly -cleanwand srecretscushempal! 
bearings of the car-lighting generator, it is necessary 
‘to remove both bearings and the armature from the 
generator, therefore, in describing this process, many 
other parts of the generator which sometimes require 
replacement, such as the armature, field coils, etc., 
‘will be explained in this connection. 

_ The belt must be first removed and the pulley taken 
off. This is done by loosening the Columbia lock nut; 
after this has been loosened about two turns the back 
or larger nut should be tapped with a hammer to re- 
lease the lock nut, the whole combination can then be 
easily unscrewed by hand. The studs of the pulley 
‘puller are then screwed into the holes in the pulley 
‘hub and the center stud of the puller screwed up tight 
against the end of the shaft. A few turns of this stud 
will release the pulley so that it may be removed by 
hand. Then remove the key from the shaft. It will 
be noticed that this key is semi-circular in form and 
‘can be easily removed by tapping one end, which forces 
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above may be carried out to any extent desirable; in 
other words, a transformer may have one primary coil 
and separate secondary coils for lighting, power or 
operation of a rotary converter, which is a form of 
apparatus which will be discussed later. 

In following out the action of the transformer it 
will perhaps be evident that the generation of voltage 
in the secondary of a transformer is very similar to 
that occurring in the armature windings of a genera- 
tor, the difference being that in the generator the volt- 
age is produced by varying the magnetic field passing 
through the armature coils by rotating them in a con- 
stant magnetic field (field coils), while the magnetic 
field through the secondary coils of a transformer is 
varied by the varying (alternating) current which 
passes through the primary coil. 

It should be remembered that while the voltage of 
a transformer varies directly as the number of turns, 
the current varies inversely as the number of turns 
so that, neglecting losses in the transformer, the cur- 
rent x voltage in the primary winding always equals 
the current x voltage in the secondary windings. 


HAA 


A. B. C. Car Lighting Course 


edited by Edward Wray 


Sal HMII LULU 


the other end up out of the shaft. The tighitie ortne 
bearing on the shaft makes it necessary to first remove 
the lock nut at the commutator end of the shaft and 
withdraw the armature with the pulley end housing 
complete. 

In order to remove the lock nut at the commutator 
end of the shaft, remove the cover, then remove the 
cam shaft “G,” Fig. 241, with its bearings, cam, and 
worm gear complete.. The split lockynuti ras 
241, should then be removed by first loosening the 
small locking stud of the nut. 

If it is simply desired to remove the armature the 
bearing closure plate at the commutator end need not 
be removed, but, inasmuch as in this chapter we are 
cleaning bearings, we will remove this closure. This, 
however, requires that the four screws of the pole 
changer be loosened so that it can be raised in order 
to. permit. the -bearing closure plate to passitmia 
removing same from the shaft. 

The pulley end housing should then be unscrewed 
and the housing, together with the armature shaft and 
the pulley end ball bearing, with housing still mounted 
on the shaft, removed from the generator, as shown 
in Fig. 242. By tipping the armature up on end and 
bumping it on a wood block, the pulley end housing 
with ball bearing can be removed after having removed 
the split lock nut at this end of the shaft. 

In order to remove the ball bearing from its housing 
the bearing puller is applied by passing the stud of 
the puller through the ball bearing and drawing the 
puller plate up against the inner plate of the ball bear- 
ing. The three feet of the bearing puller are placed 
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in the cap screw holes of the housing. A few turns 
of the puller nut by hand withdraws the bearing from 
its housing. 

After both bearing and grease chamber have been 
thoroughly cleaned, the bearing should be replaced, 
regreased and the closure plate applied to prevent dirt 
getting into the bearing. Be sure that the bearing 
is started straight into its housing and then driven 
home by tapping with the Aandle of the hammer at va- 
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Each bearing requires only five ounces of grease; 
never use more than this amount. Wherever a small 
scale is available the amount of grease should actu- 
ally be weighed. Should this be impossible, however, 
proceed as follows: After having replaced the old 


felt washer of the bearing housing with a new washer, 
pass the spacing collar, against which the lock nut 
bears, through the hole of the closure, meanwhile being 
careful not to tear the felt washer in so doing. Always 


Fig. 240. Small View of 
Generator, Complete. 


Fig. 241. 
Pole Changing Switch, 
Bearing Split Lock Nut. 


“G.” Pole Changing Cam; ‘“‘H,”’ 
Sideview; 


Fig. 242. After Removing the Armature Bump 
the Shaft Endwise on a Wooden Block to Remove 
Pulley End Bearing with Housing. 


CO ed 


Fig. 244. 
mutator and 
Housing. 


Fig. 243. Place the Three-Legged 
Bearing Puller ‘‘A’’ in Tap Screw 
Hole of Bearing Plate Closure. 


rious points around the outer edge; if it is not started 
straight the bearing will bind. 


Cleaning the Ball Bearing 

The ball bearing should be cleaned only with kero- 
sene; never use gasolene, as this removes all grease, 
and this has a tendency to rust the bearing. A con- 
venient way of getting hard grease out of the bearing 
is to hold the inner race and cause the interrace to 
revolve by turning an air blast on the balls and outer 
race, with the bottom part of the bearing revolving 
in a dish of kerosene. The combination of the kero- 
sene and the air blast will quickly cut out even the 
most heavy collection of grease. 

Do not use live steam for cleaning the bearing, as 
this takes off every particle of oil and leaves the races 
and balls dry as a bone. In this condition they will 
quickly rust, unless thoroughly covered with thin oil 
before greasing. 


Regreasing the Bearing 
Use only SF Greoil No. 3 to regrease ball bearings. 


Method of Removing Com- 
Ball 


The Commutator End 


Fig. 245. 
of the Generator Frame, Showing 
the Method of Identifying Field 
Coils. Each Coil is Lettered as 
Shown. 


Bearing from _ Its 


renew the felt washers whenever cleaning the bearings. 
Never put back an old washer, as this is liable to 
allow grease to get into the generator. Then place 
the.closure7on topsot the tintcover of the erease can 
with the hollow side of the closure facing upward. 
Pack the hollow space of the closure around the collar 
tightly with Greoil until it is flush with the finished 
top surface of the closure plate. This amount of 
grease weighs five ounces. 

In greasing the commutator-end bearing, pass the 
short end of the bearing sleeve through the hole of 
the generator housing, being sure not to tear the felt 
washer in doing so. With the hands, then apply a 
thin film of grease to the hole of the sleeve and around 
the outside of the sleeve where the bearing fits. Also 
apply a thin film of grease to the hole of the bearing, 
to the outside of the outer race and to the inside of 
the housing where the bearing fits. This film of grease 
is to prevent rusting of the parts after being assembled 
and thus facilitate taking down the machine the next 
time work has to be done. It should be noticed that 
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the outer race of the bearing should work around in 
service so as to prevent one side of the race from 
receiving all wear as would be the case if the outer 
race were stationary. 


Reassembling the Generator 


Both bearings are made to assemble with tight hand 
forced fits. The commutator end bearing should be 
inserted in the housing until the outer face of the 
bearing is at least 1/16 of an inch inside of the finished 
face of the housing. Then apply the remainder of 
the weighed or measured amount of grease to the 
hollow space of the bearing closure plate. Then slip 
the commutator end collar into place against the hous- 
ing with the grease pipe at the bottom. Be sure that 
all surfaces are free from dirt in assembling. Then 
apply the three spring washers and the three re- 
taining bolts of the bearing closure plate and draw 
down firmly until properly seated in the housing. Then 
obtain the proper amount of grease for the pulley end 
bearing in the same manner as for the commutator 
end and with clean fingers apply a thin film of grease 
to the bore of the housing, to the hole in the bearing 
and to the outside of the outer race of the bearing. A 
certain amount of grease should also be applied, with 
clean fingers, to the balls and to the cage. 

Next place the bearing in the housing, first starting 
it straight and tap it gently with the handleyotra 
hammer at various points around the outer race. The 
bearing closure plate with spacing collar is then 
mounted on the housing. The three cap screws of 
the closure plate with their spring washers are then 
applied to the bearing closure plate. ‘The bearing is 
now encased in the housing and the housing can then 
be forced on the armature shaft. In doing this, start 
the bearing on the shaft straight and then bump the 
armature shaft on the wooden block. The armature 
with the pulley end casing complete can then be in- 
serted in the machine. Be careful that the commu- 
tator or armature windings are not damaged by strik- 
ing them against the pole pieces or brush holders. 

The armature split lock nut is then applied at the 
pulley end with the finished face toward the housing. 
This should be turned to the right until the spacing 
collar clamps the bearing solid against the shoulder 
of the armature shaft. The clamping bolt of the lock 
nut is then tightened with a wrench until the split 
lock nut is securely locked to the shaft. Be sure that 
the spring washer is under the head of this bolt. 

Then apply a film of grease to the key and also to 
the keyway, armature shaft, and tapered bore in the 
pulley hub. Apply the key to its seat in the armature 
shaft and then place the pulley in position, this being 
properly lined up with the shaft key and with the 
large end of the taper bore passing over the shaft first. 
Press up tightly with hands, and give the pulley a 
twirl with the hands to see that armature rotates 
freely. Apply the Columbia lock nut with the hexagon 
shell toward the pulley. Screw up to pulley hub face 
by hand, turning to the right, and draw up tight, and 
give the pulley another twirl to see that armature 
rotates freely and that the pulley is running true. 

The armature shaft lock nut should then be applied 
at the commutator end of the shaft, turning it to the 
right until it is drawn up tight against the spacing 
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collar, so as to securely clamp the bearing against 
the shoulder of the bearing bushing. After the split 
lock nut is tightened solid the clamping bolt with 
spring washer under its head should be tightened; 
this cramps the lock nut, locking it securely to the 
shaft. 

The armature should now have only 1/64 of an 
inch end thrust. In case there should be more end 
thrust than this amount, the housing at the pulley 
end or the bearing closure, either at the pulley end 
or the commutator end, may not be properly seated; 
or the bearing lock nuts at each end of the armature 
shaft do not clamp their respective bearings into posi- 
tion. 

The pole changer switch can then be set securely 
in place and the pole changer switch H, Fig. 241, and 
the pole changer shaft G, Fig. 241, may then be ap- 
plied to their original positions. The pole changer 
cover can then be applied. 

Next replace the brushes on the commutator. This 
should be done carefully, always holding the brush 
finger away from the brush until the latter is in place 
on the commutator ; then allow the finger to come against 
the brush easily. A. quick snapping and dropping of 
the brushes into place is very liable to chip or break 
the face of the carbon brushes. Next apply the front 
and back brush holder covers and adjust the pulley to 
proper tension. 


Maintenance 
Motoring the Generator 


The generator should be motored occasionally to 
prove the armature and field connections. In doing 
this, remove the belt or loosen it so that the pulley 
can revolve freely. A motoring switch, located directly 
below the dash pot of the field regulating solenoid, is 
apphed for this purpose. A cotter pin is passed 
through the contact in normal running position so as 
to prevent this switch being closed by unresponsible 
parties. This cotter pin should be removed when the 
generator is ready to be motored. 

This switch is in parallel with the auto switch, 
and, when closed, it short-circuits the series winding 
and the series winding of the regulator solenoid so 
that the motoring current does not pass through the 
series coils. This should start the generator revolving 
at once at a comparatively slow speed, but this speed 
can be increased by gradually raising the plunger 
stem of the field regulating solenoid. Be very careful 
not to touch the rocker contact or in any way break 
the field circuit at the rocking contact, as this might 
Cause serious arcing or excessive generator speed. 


The Generating Test 


After the generator has gotten up to high speed, 
quickly throw the motoring switch to the original 
position and drop. the plunger of the solenoid so that 
the field circuit will be quickly strengthened. The 
momentum of the armature revolving at high speed 
with low resistance in the field circuit causes it to 
build up its voltage in the same manner as is done on 
the road. This should be sufficient to close the auto- 
matic switch, thus proving that the lifting coils of 
the switch are operating O. K. 
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December Meeting New York Car 
Lighting Association 


Mr. WL. Bliss; chief engineer of the U, S. Light & 
Heat Corporation, but better known among his friends as 
the “silver-tongued orator of the scallywags and villains 
of the car lighting coach yard,” as he put it himself, gave 
a most interesting address before the December meeting 
of the New York Car Lighting Club. Mr. Bliss’ talk was 
a more or less general résumé of the whole car lighting 
situation. He outlined briefly some of the many diff- 
culties experienced by car lighting engineers in the early 
days when all manner of drives and the various types 
of generators, regulators, generator suspensions, etc., 
were being tried out under the tender auspices of the 
railroad car department. 

Mr. Bliss said that one prominent car lighting man on 
one of the eastern roads stated that he would consider 
the car lighting problem entirely solved if he could obtain 
a mileage of 20,000 miles operation without a light fail- 
ure. In those days, Mr. Bliss said, they were lucky if 
a car got from Jersey City to the Hackensack River with- 
out a light failure. 

Accordingly, most of the attention of the car lghting 
men in the early days was directed toward simply ‘“mak- 
ing the thing go” and providing light for the car, and no 
thought whatsoever was given to the storage battery as 
to whether or not it was being overcharged. The chief 
trouble was to give it enough charge, for with the belt 
off, or the generator out of commission, about half of the 
time, this became a problem of sizeable proportion. 


Battery Important Part of the Equipment. 


Mr. Bliss pointed out that the storage battery is abso- 
lutely essential to the operation of any car lighting sys- 
tem, for it furnishes not only a source of power for the 
lights, when the car is at rest, but it is the foundation 
upon which all regulators operate. He stated that a car 
lighting system without a storage battery was, to his 
mind, a practical impossibility. 


Control of Charge. 


Mr. Bliss pointed out that, although in the early days 
the chief problem was to keep the machine going and 
furnish light, the gradual improvement in construction 
and operation of the car lighting equipment has made it 
possible to consider refinements not even thought of in 
the earlier days. Chief among these are the lamp regu- 
lator and the ampere-hour meter control. 

Mr. Bliss stated that any stop charging device to be 
successful must depend on some property of the battery, 
but at the same time this device must take care of the 
battery regardless of battery condition, qualities or char- 
acteristics. He pointed out that there are numerous 
readings or indications of the battery condition which 
might be employed for automatically controlling the 
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charge of a car lighting battery. The battery voltage 
might be used, the specific gravity indications, the am- 
pere-hour meter charge and discharge record, or even 
the rise in battery temperature, or the gassing effect at 
the end of charge might be employed. Of all these, how- 
ever, the ampere-hour meter indication seems to be the 
most reliable and the one best adapted to automatically 
controlling the charge given a car lighting battery. The 
indications of battery voltage at the end of charge and 
even the specific gravity are very greatly affected by 
temperature. In fact, either of these readings means ab- 
solutely nothing unless the temperature as well as other 
operation conditions be known. 

The ampere-hour meter, on the other hand, is like a 
family doctor prescribing a certain diet for a patient. He 
tells him just how much he can eat, drink, etc-—maybe 
he comes pretty close to what the fellow ought to have, 
but when the boss surgeon of the hospital (Mr. Chief 
Electrician) comes around at the end of the month, he 
may feel that Mr. Patient (the battery) isn’t getting quite 
as much medicine (current) as he ought, so he gives Mr. 
Family Doctor (the ampere-hour meter) specific instruc- 
tions as to future treatment—(by raising the percentage 
of overcharge given the battery by the meter. 


The Lamp Regulator. 


Mr. Bliss called attention to the difficulties to be over- 
come in trying to meet certain specifications for car light- 
ing lamp voltage regulators, and especially emphasized 
the fact that where as close regulation as within one volt 
of normal is required the difficulties encountered in de- 
signing and building a lamp regulator to meet such re- 
quirements are extremely exacting. He called attention to 
the small amount of power available for operating the 
lamp regulator. He stated that it was extremely desir- 
able to keep the consumption of current by the lamp 
regulator solenoid as low as possible and that a current 
of one ampere through the operating solenoid was about 
all the up-to-date railroad electrician cared to tolerate. 
With one ampere flowing through the solenoid of the 
lamp regulator a change in lamp voltage of one volt 
means that but one watt power is available for operating 
the mechanism of the lamp regulator. It certainly takes 
power to operate a lamp regulator in changing the re- 
sistance in the lamp circuit, and this power, moreover, 
must come from the variation in the lamp voltage itself, 
hence there must be a variation in lamp voltage in order 
to produce the necessary changes in lamp resistance to 
effect the control of the voltage. 

He pointed out, moreover, that having two batteries on 
a car does not eliminate the question of a lamp regulator. 
{t may eliminate an actual lamp regulator, but it intro- 
duces the complication of a second battery and its switch- 
ing mechanism, and two batteries of, say, 150 ampere 
capacity, cannot be purchased for as low a price as a 
single battery of 300 ampere-hours capacity. 
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Emergency Brakes on the Cana- 
diam Pacific Bascule Bridge, 
Sault Ste. Marie, Mich. 

The double-leaf Strauss Trunnion bascule bridge 
built by the Pennsylvania Steel Company, for the 
Canadian Pacific Railway Company, at Sault Ste. 
Marie, Mich., has been described so often and so com- 


prehensively by several writers in the various tech- 
nical papers that no additional description is neces- 
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Brake-Switch Operating Pinion. 


sary. Articles describing special features of this bridge 
appeared in the May and August, 1915, issues of the 
Railway Electrical Engineer under Practical Stunts. 
It may be of interest, however, to review the main 
features of the bridge, and to describe the trouble 
which was experienced with the emergency brakes 
when the bridge was first placed in service. 

Both leaves of the bridge are controlled from one 
central tower on the south pier, and when closed 
they make a single span. While the chord locks con- 
stitute the most distinctive feature, the bridge is im- 
portant in other respects. In the first place, it is the 
largest of its type yet built, having a span of 336 ft. 
between trunnion centers. Second, it is designed to 
permit both passenger and freight trains to pass over 
the busiest navigable waterway in North America. 
And third, the quietness of operation and the low 
maintenance costs of this type of chord lock are evi- 
dences that the design is the result of thorough and 
careful study and experience. When this bridge was 
first placed in service its operation was carefully ob- 
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served and complete records were kept of all operat- 
ing events in order to discover and correct any minor 
points which might have been overlooked in the de- 
signing office, particularly points in connection with 
the operation and maintenance. A description of 
some of the troubles found, and the method used to 
correct them may be of interest. 

Each leaf is provided with a powerful spring brake, 
with electric solenoid release, for emergency purposes. 
It was found that these brakes did not act properly 
due to the incorrect design of the spring, which was 
a spiral of small diameter wound from %%-in. round 
steel. The spring was so stiff in action that after 
releasing the brake it failed to come back to its orig- 
inal position. A new spring was made by using the same 
size steel, but wound larger in diameter. 

Another difficulty was experienced with the brake 
switching gear, which were designed to set the brakes 
automatically in case of overrun. Uhe )burlders 
claimed that the brakes would set automatically when 
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a leaf passed the horizon line, or at any point above 
the horizon according to where the brake-switch trip- 
ping mechanism was set, but when this feature was 
tested it was found that the bridge overtraveled 41.6 
in. due to the long arc drawn by the brake release 
switch. To make the situation much clearer refer 
to Fig. 1, which shows that the leaf travels 201 ft. 
from full open to closed position, and that the operat- 
ing truss on which a pin is mounted to engage the 
limit switch hand during this movement of the leaf, 
travels 38.5 ft. The ratio between the travel of the 
end of the bridge and the pin is then 5.225 to 1. Re- 
ferring to Fig. 2, it will be noted that the limit switch 
hand is 12 in. long, and the switch contacts are 6 in. 
long, which makes a ratio of 2 to 1. Now if it is de- 
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sired to set the emergency brake, this limit switch 
hand must be moved eight inches by the bridge mo- 
tion to make the four-inch opening at the contacts 
required to open the arc. The end of the leaf, there- 
fore, must go 41.8 in. below the horizon line before 
the brake will act, not counting any lost motion, which 
is always present. 

Referring back to Fig. 2, it is observed that the 
motion of the switch is very slow, and that the entire 
working current of the solenoid passes through it. 
Considering the fact that the solenoid current is 5 
amperes, and that the voltage is 550 it is easily 
understood why it was possible to pull an arc of 4 in. 
before the circuit was broken. The arc not only de- 
layed the opening of the switch, but also caused ex- 
cessive burning and annealing of the contacts, which 
greatly lessened their life. 

This difficulty was solved by having the 550-volt 
switch circuit operate a separate circuit breaker con- 
nected in series with the solenoid circuit as shown by 
Fig. 3. A magnetic switch or circuit breaker C, of 
small capacity, was installed near the operating panel, 
one for each leaf, and connected in the brake solenoid 
circuit behind the panel switch S. The limit switch 
was taken out of the solenoid circuit and after being 
slightly altered, as shown on illustration No. 2, was 
connected in series with the magnetic switch coil CC, 
which takes a small current. With this arrangement 
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Fig. 3. Showing Changes Made in Limit Switch Connectlons to 
Improve the General Operation of the Automatic Brakes. 
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the arc formed is broken when the contacts have 
opened one-eighth of an inch. 

The switch LS in Fig 3 is shown in the neutral 
position, at which time the bridge is either being 
opened or closed. To make the switch more effective 
pins have been set so as to operate the switch hand 
on both extreme lower and extreme raise positions of 
the bridge, so as to prevent overtravel in either direc- 
tion. The switch LS also continues to serve as a by-pass 
switch for releasing the brakes before the leaves are 
operated in either direction. 
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307 South St., Sault Ste. Marie, Mich. 
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Pyle Armature Puller 


The sketches show the details and application of a 
device designed by the writer for removing armatures 
from Pyle Electric Headlight Turbo-Generators. 

Although these armatures are intended to be easily 
removed by hand, we have experienced a great deal of 
trouble where the shaft was rustd, making it impos- 
sible to remove the armature in the usual way or in 
any other way without damaging the windings. 

By using the “puller” an armature can be easily 
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Details of Armature fers 
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The Armature Puller In Use. Showing Armature Partly Removed 
From Shaft. 


removed without injury to either armature or shaft. 
The puller illustrated was made from a grease plug 
and a tap bolt. It is applied to the armature spider 
by removing the commutator lock nut and screwing 
the cast iron cap on the threads thus exposed. 

Saebs COLELENS: 

Electrician, Central Vermont Ry., 
St, Albanss Ve 


Chicago & North Western Railway Alters Electric 
Sign in Chicago. 


The display lines on the large Chicago & North 
Western Railway electric sign situated on the north 
bank of the Chicago river just west of the Rush street 
bridge in Chicago have recently been changed. 

The old reading matter pertaining to the California 
Expositions has been supplanted with a strong adver- 
tisement of three of the Chicago & North Western 
Line’s principal high class trains—THE NORTH- 
WESTERN LIMITED—THE DULUTH-SUPE- 
RIOR LIMITED—and THE OVERLAND LIM- 
TEED: 

The letters in the names of the trains are five feet 
six inches in height; the capital letters, however, are 
higher. 


we . 
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Paul M. Lincoln 


Paul M. Lincoln, for over 23 years connected with 
the operating and engineering activities of the West- 
inghouse companies, will on January 1 became asso- 
ciated with the sales department of the Westinghouse 
Electric & Manufacturing Company, with the title of 
commercial engineer. Mr. Lincoln, shortly after his 
graduation from Ohio State University in 1892, 
entered the employ of the Short Electric Company in 
Cleveland. He then went to the Westinghouse Elec- 
tric & Manufacturing Company, and was engaged in 
the testing-room, and in general engineering work. 
When the plant of the Niagara Falls Power Company 
was opened he became its electrical superintendent, 
and as such had much to do with the first transmis- 
sion line to Buffalo. In 1902 he returned to the West- 
inghouse Company, specializing on the general 


engineering of power stations and transmission lines. 
He was for several years in charge of the power 
engineering department, but was transferred to the 
engineering department when that was organized. 


Paul M. Lincoln. 


Mr. Lincoln is well known in engineering circles 
through his active work in the American Institute of 
Electrical Engineers, of which at one time he was 
president. He is a well-known writer on technical 
subjects and has also been identified with educational 
work for some time, filling the chair of professor of 
electrical engineering at the University of Pittsburgh. 


WITH THE S. K. F. BALL-BEARING COMPANY 


Mr. H. E. Walker, who has been connected with 
the S. K. F. Ball-Bearing Company for the past sev- 
eral years in capacity of New York representative, has 
severed his connection with that company. 


W. L. Conwell 


W. L. Conwell, vice-president and treasurer of the 
Transportation Utilities Company, New York, has 
been appointed assistant to the president of the Safety 
Car Heating & Lighting Company, effective January 
1. Mr. Conwell has been in the service of the Trans- 
portation Utilities Company since 1911. He was born 
at Covington, Ky., January 25, 1887. He received his 
education in the public schools of Philadelphia and 
at the University of Pennsylvania, from which he 


W. L. Conwell. 


graduated in 1898, with the degree of electrical 
engineer. He then passed the examinations for first 
assistant engineer for the United States Navy, but 
received no appointment because of the cessation of 
hostilities. He was employed in contracting work as 
a time-keeper for the Tennis Construction Company, 
Philadelphia, becoming later chief engineer and secre- 
tary of the company. In 1901 he resigned to become 
city salesman of the Westinghouse Electric & Manu- 
facturing Company in New York. He was later placed 
in charge of the isolated plant department of the com- 
pany, and for five years, ending in 1911, was engaged 
in railway work. In that year he became vice-presi- 
dent of the Transportation Utilities Company. 


Ex Es 
William Chaflin Andrews 


William Chaflin Andrews, advertising manager of 
the Edison Storage Battery Company, Orange, N. J., 
died in New York City, on December 21st. A gradu- 
ate of Columbia University, Mr. Andrews afterward 
became sales engineer of the Stanley Instrument Com- 
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pany of Great Barrington, Mass., and later became 
connected with the General Electric Company in 
Schenectady, N. Y., and Harrison, N. J. He was for 
two years secretary of the Rae Company, New York 
City, leaving to join the Edison Storage Battery Com- 
pany, in April, 1913, where he was advertising mana- 
ger until his death. Mr. Andrews enjoyed an unusually 
large acquaintance among electrical men, and was par- 
ticularly active in the Electric Vehicle Association of 
America and in the Jovian League. 


W. k. Ballantime 


The sad news of the death of W. E. Ballantine, 
manager of railway sales of the Willard Storage Bat- 
tery Company, was received just as this issue went to 
press. Mr. Ballantine has a very wide acquaintance 
among car-lighting men, and has spent practically his 
whole life in railroad service. In 1900 he was ap- 
pointed assistant electrical engineer of Pullman Car 
Works at Pullman, Ill., and in 1903 was appointed 
electrical engineer of that company in charge of the 
electric light plant, shop wiring, manufacture of stor- 
age batteries, electric manufacturing department and 
the equipping of all cars with electricity. In 1905 he 
was appointed chief electrician of the Rock Island 
Lines in charge of all car-lighting and electric head- 
light equipment. 
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Holophane Announcement 


Elsewhere in this issue will be noted the announce- 
ment of the change of name of Holophane Works of 
General Electric Company, to that of Ivanhoe-Regent 
Works of General Electric Company. 

The General Electric Company will continue to 
manufacture and sell Regent glass and Ivanhoe metal 
reflectors;-and although its right to handle Holophane 
prismatic is no longer an exclusive one, it will con- 
tinue to furnish this line also. 

In its organization the Ivanhoe-Regent Works of 
General Electric Company is in every respect the same 
as that hitherto known by the name of Holophane 
Works of General Electric Company. The company 
will maintain, as before, a special department devoted 
to the interests of railway illumination. And this 
department will continue to keep in touch with the 
most up-to-date requirements of the railway industry, 
in order that its service may be as efficient and help- 
ful as possible. 

Mr. L. C. Doane, in his capacity of commercial 
engineer, will continue to represent the organization 
in the railway department. Mr. Doane has a wide ac- 
quaintance among railway electrical men and has taken 
an active part in the development of modern electric 
lighting apparatus and systems for special railroad ser- 
vice. 
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In 1909 he was appointed Western manager of rail- 
way sales of the Willard Storage Battery Company, 
and in 1913 became manager of railway sales of this 
company, with headquarters at Cleveland. ) 

Mr. Ballantine died on January 11 of acute pneumonia. 

We extend the deepest sympathy of Mr. Ballan- 
tine’s many car-lighting friends to Mrs. Ballantine in 
her great bereavement. 


William Andrew Conner 


William Andrew Conner, of Plainfield, N. J., died 
suddenly, Monday, December 6th, at his office in 
Perth Amboy, N. J. He was born in Baltimore, Sep- 
tember 12, 1859 and began his business career in 
1876, in Pittsburgh, in the oil refining business, in 
which he reached the position of assistant manager 
for the Standard Oil Company. In 1885 he took charge 
of the first plant built by the Standard Underground 
Cable Company, in Pittsburgh, and from then to the 
time of his death he was the head of the manufactur- 
ing business of that company, including large plants 
planned and built by him in Pittsburgh, Pa.; Perth 
Amboy, N. J.; Oakland, Cal.; and Hamilton, Canada. 
He was a director for 10 years and first vice-president 
since 1909, 
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Holophane Glass Company 


The Holophane Glass Company, original owners of 
patent rights for Holophane prismatic glass, announce 
that beginning with January 1, 1916, they will resume 
control of the manufacture and sales of Holophane glass- 
ware. This company has its headquarters at 340 Mad- 
ison avenue, New York, and Charles Frank is the sales 
manager. 


A Communication 
To the Editor :—- 

Reading through your November issue of your 
valuable paper I notice that you quote me, on page 
166, as saying that “car lighting in the United States 
was far superior than in any other country,” and [I 
hasten to point out that the meaning of my remarks 
on car lighting in America is misrepresented by the 
above statement. 

What I wanted to convey is that a great deal of 
credit is due to the man responsible for the present 
conditions of electric car lighting in this country, and 
the fact that light failures are seldom heard of speaks 
well for maintenance men and equipment, bearing in 
mind the mechanical and electrical stresses imposed 
by the type of machines generally used in this coun- 
try. Car lighting, however, from a point of simplicity, 
reliability and efficiency cannot be ‘called superior to 
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that of any of the foreign countries I mentioned in 
my talk. Furthermore, I feel sure that the Railway 
Electrical Engineer, the only paper of its kind in the 
world, is largely responsible for the wonderful co- 
operation and exchange of ideas among the various 
maintenance men, and it seems to me that not a small 
amount of credit is due to this paper for the present 
state of car lighting in this country. In the few 
foreign places where this paper has appeared it has 
always been greatly admired. 

Trusting that you will insert these lines in your 
next issue in order to clear this matter up with your 
readers, J am, 

Very truly yours, 
HY DAROH MAN, 
Chief Electrical Engineer, 
Franklin Railway Supply Company. 


E. S. B. Announcement. 

The Electric Storage Battery Company, of Philadel- 
phia, announces a change in the handling of its Pacific 
Coast business to take effect January 1, 1916. 

Due to changes in the organization of Messrs. Pierson, 
Roeding & Co., who have acted as The Electric Storage 
Battery Company’s sales agents on the coast since 1910, 
the battery company will hereafter conduct its business 
on the coast through Mr. George R. Murphy, soliciting 
agent, with offices in the Rialto Building, 118 New 
Montgomery street, San Francisco. 


Through the Galveston Flood. 

Many of our car light- 
ing generators passed 
through the recent Gal- 
veston flood and were 
submerged in salt water 
for 14 hours. It will be 
interesting to learn that 
many of these generators 
upon being removed and 
opened for inspection 
showed the generator in 
perfect condition. The 
accompanying illustra- 
tion shows an E. S. B. 
generator which passed 
through the flood, was 
submerged 14 hours, 
and upon being opened 
the interior was found to be perfectly dry and the 
generator free from grounds or armature or field shorts. 

ALECK VOIGHT, 
Assistant Electrical Engineer, Santa Fe. 


Car lighting generator which 


was submerged 14 hours’ in 
Galveston flood without harmful 
results. 


New Compensator Type Relay. 

A new type of circuit-opening inverse time limit oil 
dashpot relay has recently been developed by the 
General Electric Company for use in conjunction with 
a low voltage release for automatic, overload and low- 
voltage protection of alternating current motors up to 
2,500 volts and 300 amperes. 

The relay is connected in series with the line, the 
low voltage release across one phase in the usual man- 
ner with the low voltage coil in series with the relay 
contacts. 
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On overload greater than the current setting of the 
relay, the relay contacts open-circuit the low volt- 
tage release coil and the motor is cut out of circuit. 


New Compensation Type Relay with Cover Removed. 


If the voltage drops to a predetermined per cent of 
normal, the motor is also disconnected from the power 
supply. Here series relays replace the secondary relays, 
current transformers and oil switch tripping coils other- 
wise required. 

Current calibration is from normal to twice normal, 
and time adjustment from 10 sec. to 5 min. on 25 per 
cent overload. The delay recommended, however, is 
about 15 sec. at the starting current of the motor. 
This affords ample protection to the motor against 


-damage from overload or single-phase operation, but 


prevents the circuit from being opened while the motor 
is starting. 


New Insulating Cover for Dossert Cable Taps. 

The illustrations show a new type of insulating 
cover for branch connections when made with Dossert 
Cable Taps. As shown the covers are in two parts, 
which, when joined together, are held by machine 
screws, nuts being imbedded in the insulating mate- 
rial. The facility with which both connector and cover 
can be connected or disconnected is noteworthy. These 
devices are being largely installed on switchboard 
wiring in power and substations and in shop wiring 
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Application of Insulating Cover for Dossert Cable Taps. 


at points where taps for motors are taken off the main 
feeders, and on switchboards where taps are taken off 
bus bars. The insulation possesses good mechanical 
strength and will not expand, contract or deteriorate 
in service. Tests have established its efficiency up to 
a maximum of 28,000 volts. These connectors and in- 
sulating covers can be supplied for various sizes up 
to 500,000 C. M. They are manufactured by Dossert 
& Co., 242 West 41st Street, New York. 
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Results ofthe Norfolk @ Western 
Electrification 


On another page of this issue appears an article de- 
scribing some operating and maintenance features of 
the Norfolk & Western electrification. 

Information available at this time indicates that, 
after eight months of electric operation, the capacity 
of the entire electrified section has been practically 
doubled, due to the increase in both train speed and 
train tonnage. The single-track Elkhorn tunnel with 
its steep grade was formerly the most serious cause of 
congestion. With steam operation it was not uncom- 
mon for a tonnage train to require from 30 to 40 min- 
utes to go through, at an average speed of about six 
miles per hour, while with electric operation the tun- 
nel is traversed in about two and one-half minutes at 
a speed of 14 miles per hour. 
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It is also interesting to compare the facilities re- 
quired by steam and electric locomotives. Where for- 
merly rather extensive roundhouses, coal and water 
stations, cinder pits, turntables and repair shops were 
required, the entire terminal and shopping facilities for 
the electric locomotives consist of one inspection and 
machine shop for general overhauling, and one out- 
door pit, a small frame office building and few sand 
boxes for terminal inspection and repairs; no round- 
houses, turntables, etc., being required. 

The three-phase motors which are used have shown 
up well and in fact this type of motor seems to be 
especially adaptable to the conditions met with on the 
Norfolk & Western. The three-phase motor permits 
the transmission of large blocks of power at a high 
single-phase voltage, it provides reliable and effective 
electric braking and regeneration of power on the 
heavy down grades, it delivers extremely high starting 
torque and, due to its inherent characteristics, stands 
up under a great deal of abuse. 

The electric braking of heavy tonnage trains on 
steep grades has proved to be one of the most satisfac- 
tory results of this electrification. It is difficult to 
imagine a 3,250-ton train going over a 25-mile section 
of a typical mountain railroad division at a constant 
and rather monotonous speed of 14 miles per hour 
without a single application of the air brakes except 
when coming to a dead stop. That, however, is an 
everyday occurrence on this road and to a layman the 
sight is most impressive. 

This electrification has also demonstrated the prac- 
ticability and durability of the light, flexible overhead 
type of catenary construction for supplying power to 
high-power locomotives. 

Another interesting development of this electrifica- 
tion is that all ordinary line repairs are made by a 
crew of five men traveling on a small standard gaso- 
line car, which hauls a small tower car. A “hot- 
ladder” of treated wood is also carried, which the men 
lean against the live trolley and catenary wires and 
from which they make any necessary repairs to these 
wires while they are “hot.” 


AntieFriction Bearings for Shop 
Motors 


The installation of anti-friction bearings in axle 
generators, car fans and headlight turbines has proved 
to be such a marked success that we believe the appli- 
cation of roller or ball bearings to shop motors would 
also prove to be desirable and advantageous. The 
induction motor, which is used more than any other 
type for shop purposes, has, in its small air-gap an 
inherent weakness which when the ordinary sleeve 
and ring-oiled bearings are used prevents it from being 
a fool-proof machine. With the regular ring-oiled 
sleeve bearings this type of motor may run for months 
at a time exposed to sawdust, shavings, lime dust, 
coal dust, etc., without causing a fire and without any 
wear except at the bearings, because of the absence 
of a commutator and of other moving contacts, 
but unless carefully and periodically watched, and 
lubricated with the proper oil there. is danger of the 
bearings wearing down to such an extent that the 
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rotor will rub against the laminations of the stator, in 
which case serious trouble will result. 

For this reason it seems desirable to equip induction 
motors with anti-friction bearings and it is reasonable 
to expect that the results will be as satisfactory as 
they have been in the case of similar improvements 
in axle generators, fans and headlight turbines. In 
addition to minimizing the trouble resulting from the 
small air-gap there would be the ‘additional advan- 
tage of decreasing the number of inspections required 
per year. This latter feature is of especial importance 
where the motors are located in places which are hard 
to reach, such as on the wall or on the roof truss, or 
on the top of a machine tool frame and other places 
where the motor is out of sight or difficult to reach 
and therefore liable to be forgotten or purposely 
avoided. Another source of trouble with ring-oiled 
bearings which could be eliminated by the use of 
anti-friction bearings, is that very often men who 
have charge of these motors, due to the lack of experi- 
ence or perhaps because they cannot get the proper 
oil, sometimes use oil that is so heavy that it prevents 
the ring from turning. In any event the subject of 
applying anti-friction bearings to shop motors is one 
worthy of thoughtful consideration on the part of 
railroad electrical men who are interested in reduc- 
ing the maintenance costs of their shop motors to a 
minimum and of increasing their reliability. 


lllumimation and Accident 
Prevention 


In a paper presented at the ninth annual convention 
of the Illuminating Engineering Society, Washington, 
D..€., September: 20: to. 23, 1915, Ry EE Simpsomepre- 
sents the results of one year’s study of industrial acci- 
dent records obtained from workmen’s compensation 
and accident insurance companies’ reports. The ob- 
ject of this study was to determine what percentage 
of the total number of accidents were caused, either 
directly or indirectly, by the lack of proper illumina- 
tion. Mr. Simpson shows that out-of 91,000 accidents,! 
which occurred in and about industrial plants, 23.8 
per cent were due directly or indirectly to improper 
illumination, that 10 per cent were due primarily to 
inadequate illumination and in the remaining 13.8 per 
cent the lack of proper lighting facilities was a con- 
tributary cause. 

The logical conclusions to be drawn from this paper 
are that lighting units must be properly spaced, must 
be mounted at a sufficient height and proper reflectors 
must be used and carefully maintained, especially with 
high efficiency lamps, if the number of accidents are 
to be reduced to a minimum, and this is what we are 
all intensely interested in doing. 


Imcandescent Meadlights and 
lileadlight Laws 


There is little doubt in the minds of the majority 
of railroad officers that the incandescent electric head- 
light is far superior in every way to the arc headlight, 
but in many cases they are a little dubious about adopt- 
ing the former type in the face of the chaotic condition 
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of the various state headlight laws, which in most 
cases specify that a headlight shall be used with a 
light source having an intensity of not less than 1,500 


candlepower, measured without the aid of a reflector. 


Under such conditions they feel that the only head- 


light which will meet these requirements is one having. 


an electric arc for a light source. In this connection 
it is interesting to note that the master mechanics’ 
test at Columbus brought out the fact that none of 
the arc lights, which were tested, showed an unaided 
candle power of over 1,000. The strongest are gave 
about 894 candlepower without a reflector. Taking a 
specific case, arc lamp headlight number 19 with an 
apparent beam candle power of between 55,000 and 
60,000 had a lamp which gave 941.88 candle power 
without the aid of a reflector, whereas incandescent 
lamp headlight number 134 required only a 90.2 candle 
power lamp to give 55,000 apparent beam candle 
power; it seems, therefore, that there is not one are 
lamp used in headlight service today that will meet 
the 1,500 candle power requirement of several of the 
state laws. Another fact brought out in the report 
of this test, which shows that the arc headlight is 
unsuitable for railroad service, was that a headlight 
with a beam candle power of over 50,000 develops 


‘about 30 per cent phantom lights. 


Another serious inherent fault of the are lamp, when 
used as a headlight, is that its light is extremely rich 
in blué rays and consequently this type of lamp pro- 
duces a large amount of light which is of no value 
whatever in enabling the engineman to identify an 
object on the track. For this reason a tungsten fila- 
ment incandescent lamp, which gives a white light, is 
from eight to ten times as efficient as an arc lamp as 
regards the distance at which a certain object can be 
picked up on the track by the headlight. 

If the motive behind the legislation in the different 
states affecting the headlights were to be analyzed it 
would be found without a doubt that the object was 
not so much to secure a headlight with a high candle 
power source as to secure a headlight which was 
better and more reliable and satisfactory than those 
which were in general use at that time. It was simply 
a case of using an unfortunate definition, not realizing 
that the candle power of the lamp used in a headlight 
plays very little part in the final results, the size and 
shape of the reflector and of the light source, the con- 
dition of the reflecting surface and the quality of the 
light being, in many cases, more important than the 
candle power of the lamp itself. 

Considering the fact that the are headlight not only 
does not meet the requirements of, the 1,500 candle 
power laws, but in addition is objectionable and 
dangerous because of the blinding and phantom 
light effect of its high intensity, unsteady and concen- 


trated beam and because of its high maintenance cost 


and its unreliability due to the complicated are lamp 
mechanism, it seems that its continued use in loco- 
motive headlights is unwarranted when a much more 
satisfactory substitute is at hand. 

Incandescent headlights of various makes and volt- 
ages are on the market and both the 6-volt and 32-volt 
sizes have proved reliable and efficient from all view- 
points, including those of track illumination and 
energy consumption. 
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iladelphia-Paoli Electrification of 


the Pennsylvania 
Additional Notes om Construction Methods Employed* 


The electrification of the Pennsylvania's suburban 
service between Philadelphia and Paoli, was fully de- 
scribed in our December, 1915, issue. However, the 
additional information given in this article on the con- 
struction methods employed will be of interest. 


As the electrification covers one of the busiest and 
most important main line sections of the railroad and 
includes the equipment of a large and congested termi- 
nal, the methods employed to insure prompt and safe 
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Map Showing Electrified Portion of the Pennsylvania Be- 
tween Philadelphia and Paoli. 


conduction of the erection work will be of interest. All 
designing and all construction, except the purchase of 
electric apparatus and the erection of the substation 
buildings which were contracted for, was carried out by 
the regular departments and the special forccs of the 
railroad company. 

Designing.—The first important operations w-re in the 
designing offices, where the plans for all structures were 
made in detail. The field forces were supplied with ex- 
act information for all foundations, which was the first 
field operation undertaken. It was especially important 
to avoid, as far as possible, all cutting and fitting of 
wires, hangers, etc., in the field; hence, elaborate and 
complete plans were made in the designing room to deter- 
mine the position which the trolley wire would assume 
at each and every point over the line with certain pre- 
determined sags, the location of messenger in reference 
to the tracks, etc. The calculations established, the 
lengths of all trolley wire hangers, which were from 
. these plans furnished to the field cut to length and fitted 
with their attachments. When put into position, it was 
found that the trolley hung in its proper plane and posi- 
tion with but little field adjustment. While this process 
involved a large amount of designing, it is felt that it 
was amply justified by the resulting saving in cost and 
time during the construction period. 


* Abstract from a paper presented: by Mr. Geo. Gibbs before a joint 
meeting of the Philadelphia branch of the A. S. C. E. and Engineers’ Club 
of Philadelphia, on Monday, January 3. Mr. Gibbs is consulting engineer 
for the Pennsylvania Railroad. 


The main elements in the construction work were dis- 
posed of as follows: 


Foundations —Excavations for about 412 bridge foun- 
dations were required. The soil was for the most part 
of clay, which was stiff enough to require no shoring 
when the excavation was followed closely by the con- 
creting. Some rock, however, was encountered in por- 
tions of the line, and where found, was cut out by air 
hammers, as the work was so close to the tracks that 
blasting was considered dangerous. 

Concreting—The aggregates for foundation concrete 
were distributed by a work train in approximately the 
required quantities adjacent to each foundation. All 
concrete was hand-mixed on boards, in the proportion 
of 1—2.5—5, and was poured very wet so that it was 
not necessary to do a great deal of tamping. 

The tubular pole foundations, which are 
in cross-section and of varying dimensions, 


rectangular 
were pro- 


Fig. 2. Catenary Construction Over Curved Track. 


vided with vertical rods and reinforcing hoops of % in. 
twisted rods for shear. These foundations required no 
foundation bolts, the pole being set in a center hole 
formed by a collapsible core. In general, the founda- 
tions required no forms except just below and above 
the ground, as the clay was stiff enough to properly 
stand up until the concrete was poured. 

As far as practicable, the excavation for the ground 
end of the anchors was made at the same time as that 
for the pole foundations, and the concrete slab at the 
bottom of the anchor poured at the same time as the 
main foundation. 

Catenary Supports——The foundations were practically 
all completed before the erection of bridge structures 
began. The poles were unloaded near their respective 
locations, and while lying on the ground were fitted with 
attachments, such as crossarms, castings, etc. The poles 
were then lifted into place in their foundations by using 
a derrick car. They were afterwards lined-up and 
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shimmed in place by wooden wedges which held them 
until the work train followed and grouted them per- 
manently in place. The anchor and signal bridges were 
erected into position by a derrick car from the freight 
car on which they were received. 

Cross Spans.—The next operation was to erect the 
cross-catenary between the side poles. ‘This structure 


Rig. 3. 


Wrought Iron Trolley Hanger and Method of Its At- 
tachment to the Catenary and Trolley Wires in Curved Track Con- 
struction. 


consisted of top and bottom wires with their connecting 
links all previously fitted together at the construction 
yard. These pieces were loaded on a work train and 
hung in place from the train. The whole catenary pole 
span was then completed by putting on ‘its guy rods 
after making final adjustments for tension and was then 
ready for the erection of the longitudinal catenary. 

Longitudinal Catenary.—When enough structures and 
bridges were in place and the insulators suspended from 
them, wire stringing work trains were organized. These 
were usually made up of one or two flat cars to carry 
the reels of wire, one or two tower cars and a box car 
used as a material and tool car. These trains were, of 
course, moved by steam locomotives. The steel messen- 
ger wire was fed out from the top of the tower car 
and strung from anchor bridge to anchor bridge and 
adjusted to the proper unloaded tensions, which were 
furnished by the office. Until final adjustments were 
made this messenger wire was supported on pulley 
blocks suspended from the insulators, thus allowing it 
free play longitudinally. These blocks were removed 
later and regular supporting castings substituted. 

The cable, while suspending its own weight only, was 
given such a tension as would be necessary to insure 
proper sag when fully loaded. This tension was com- 
puted and furnished the field by means of the curves 
showing the relation between temperature and tension for 
each stretch between anchor bridges. The proper ten- 
sion was obtained by means of a dynamometer and the 
cable allowed to stand a while and adjust itself to ap- 
proximately uniform tension throughout its length and 
then finally socketed and anchored at both ends. 

Following the erection of the messenger wire a train 
made up of several tower cars would mark the proper 
location of the hangers on the messenger in accordance 
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with the drawings and fasten in position the hangers 
which had previously been cut to length and fitted with 
castings. 

The next operation was to string the auxiliary and 
the main trolley wires from anchor bridge to anchor 
bridge, holding the wires temporarily at the bottom of 
the hangers by means of iron straps which could be 
readily and quickly applied. 

The final operation was to adjust, by a train of tower 
cars, the trolleys to their proper tensions and to clip 
them in. Where crossovers, sectioin breaks, etc., oc- 
curred the fittings were put in as a last operation as they 
required generally one or two tower cars only to accom- 
modate the workmen who could be employed to advan- 
tage in the short lengths involved. 

Work Trains —It will be seen from the above that 
the composition and proper management of the work 
train service was very important, in order not to block 
regular traffic unnecessarily. Practically all work was 
done by daylight, night work being permitted only for 
a period of about two months in Broad Street Station 
in order to clean up certain work which could not be 


Fig. 4. 


Special Car for Erecting Catenary Work; Removable 
Outriggers Make it Possible to Work Adjacent Track Without 
Interruption to Traffic. 5 


done by day, on account. of the traffic. The rapidity of 
the progress of the work was largely regulated by the 
amount of time the tracks could be given up for the 
occupancy of work trains. Generally, on the four-track 
portion of the main line we were allowed to occupy the 
inside track of the inbound pair in the mornings, and 
the inside track of the outbound pair in the afternoons. 
The stringing of wires over the outside tracks was done 
from the middle tracks by outriggers on the tower cars. 
These outriggers were so designed that they could be 
occupied by the workmen without interfering with the 
steam traffic underneath on that track. 

In all ten flat cars were equipped with towers, the 
working platforms of which could be readily raised and 
lowered by means of chain blocks. When in the low- 
ered position the towers have a height of 18 ft. 6 in. 
above the rail with a possible raise of 4 ft. 

Men Employed—The men employed in the construc- 
tion work varied in number from 200 to 685, and were 
variously divided into gangs at different stages of the 
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work between laborers on excavation and concrete, iron Amount of Work Done.—Foundations for catenary 
workers on eretcion of structures, linemen for stringing bridges were completed at the average rate of about two 
per day, reaching six per day at the maximum. With 
the derrick car twenty-five poles could be picked up and 
set in place per day. The tubular bridges were erected 
and completed at the rate of two per day. The erection 
of longitudinal wiring, including messenger and trolleys, 
clipping in and adjusting, etc., was completed at the 
rate of 3.1 track miles per day for straight-away work. 
The wire train stringing four wires at once could run 
out eight miles a day. In complicated yard work the 
progress was, of course, much slower. Thus, at the 
various interlockings in the Broad Street Terminal, a 
given section of tracks could not be occupied for any 
great length of time, so that much time was necessarily 
lost in waiting and switching in and out of position. In 
this location, however, the work was extremely compli- 
cated and tedious, as there were about 44 crossovers and 
50 switches in the portion of the yard electrified. Gen- 
erally three trains were at work in this section during 
the day with one train at night. It required the equiv- 
alent of one train at work for about twenty-six weeks 
to string the trolleys and clip them in and to make the 
the wires, bonding gangs on track bonding, carpenters section breaks, crossovers, etc., complete. Track bonds 
on forms and miscellaneous workmen and wiremen on were applied,at the average rate of about 250 bonds a 
equipment of substations. day. 


TheNorfolk@ Western -lectrification 


Additional Notes on Operation and Maintenance 


Fig. 5. Another View of the Special Construction Car. 


A complete description of the construction and equip- ing the double track main line and the numerous side 
ment of the Norfolk & Western electrification appeared spurs. 
in the June, 1915, issue of the Railway Electrical En- The 3,100-ft. Elkhorn tunnel is the only part of the 
gineer, but in view of the many new features involved electrified section not double tracked. The line be- 
in this electrification some additional notes on the opera- tween Bluefield and East Vivian, which winds around 
tion and maintenance will be of interest at this time. a narrow steep-sided valley, is very crooked, about 60 
Although fully described in a previous issue a brief per cent of the entire division being curved, with a 
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Fig. 1. Map of the Electrified Section of the Norfolk & Western Between Vivian and Bluefield. 


outline of the important features of this electrification maximum curve on the main line of 12 degrees. ine 


will not be out of place. grades are also numerous and heavy, the four-mile ap- 
i 5 proach to the Elkhorn tunnel from the west being 2 
Construction and Equipment Details. per cent and the one-mile approach from the east 

The electrified section is located in the southern part being 2.30 per cent. 
of West Virginia in the midst of the Pocahontas Coal The main traffic, which consists of loaded coal cars, 


District and extends from Bluefield to East Vivian, a is eastbound. The westbound traffic is for the most 
distance of about 30 miles. There is a total of about part, empties which are distributed to the various 
100 miles of single track in the electrified zone, includ- mines on the west slope. Considering the roadbed 
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conditions outlined above, together with the fact that 
the average eastbound traffic, at the present time, is 
about 35,000 tons per day, with 3,250 tons per train, 
it is easy to understand why the high voltage outer- 
head trolley system was chosen. The system finally 
installed is known as the single-phase, 11,000-volt trol- 
ley system, which consists of an 11,000-volt catenary 
suspended trolley, from which current is collected by 
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a bow-pantagraph on the locomotive. A transformer 
carried in the locomotive cab transforms ‘the voltage 
from 11,000 to 750 and a phase converter, operating at 
the latter voltage, furnishes three-phase current to 
the wound-rotor induction motors, of which there are 
eight on each locomotive. The system operates at 25 
cycles. The motors are wound for two synchronous 
speeds, 14 and 28 miles per hour, and are started by 
inserting water rheostats in series with the rotor wind- 
ings. 

The 12 double cab, 270-ton locomotives, which are 
now in services, have developed a much higher draw 
bar pull than was guaranteed by the builders. The 
tables show their principal dimensions and perform- 
ances. 


Ft. In. 
Length: overall :..c./eacetereans See ee es Geren tee 105 8 
Drivineewhecla base stotaleemencr tate ee eerer 83 10 
Rigid hwheel: base fea actin ee ck ee ent 11 0 
‘Truck: wheel sbascanpeee artic een me eee 16 6 
Heichtaratletospantacrapiim (le ocked)) etna 16 0 
Meihtsnail tomtoprotica be @ Maxi tin.) earner eae 14 9 
Wadthyoveralle@Miascinaiia) eer eee ere ereteatae 11 6% 
Wadthoverscababodyereeeeeer ce ee eee eee rere 10 3 
Diametemion Crivin caw. Cel anne e ar eaen anne 62 
Diameteqiots pola willce| Sanne ener eer 30 
Weight-on drivers:oee sete ote eee 220 tons 
Motaleweightiot locomotives maces atte arbre 270 tons 


Train on Train on Train on 
1.5 and 2 
Der, Cena per cents per Cent 
grades grades grades 
INCHES ONE OE WEEMS, HOMNS. soc ono bHa sean 3,250 3,250 3,250 
ILGYoOMOANES (NSE MI, noo meme ntowe 2 1 1 


Approximate speed, miles per hour... 14 14 28 
Drawbar pull per locomotive, pounds 


Untkormsacceleratonuen en iere 91,800 114,000 79,400 
At speed on 2 per cent grade......... 75,400 Shoah marie 
At speed on 1 per cent grade......... 85,800 
At speed on 4 per cent grade......... ...... onde 4,600 
Maximum guaranteed accelerating 

tractive effort per locomotive...... 133,000 133,000 90,000 
Approximate maximum guaranteed 

H.P. developed by motors......... 5,000 5,000 6,700 


The traction powerhouse is located in Bluestone, 
about 14 miles west of Bluefield. Single-phase power 
is obtained from three-phase turbo-generators, which 
have a single-phase rating of 10,000 k.w. at 80 per 
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cent power factor. The current, after being stepped 
up to 44,000 volts, is transmitted to the various sub- 
stations, where it is again stepped down to the trolley 
pressure of 11,000 volts. 


Operation. 


At this time complete data on the economy of the 
electric operation as compared with previous steam 
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Diagram of Profile from Vivian to Bluefield. 


operation is not available, but certain evident advan- 
tages of the new system are most interesting. Early 
in 1914 the average number of trains hauled by steam 
engines in both directions over the section under con- 
sideration was nine, each train weighing about 2,900 
tons. This is equivalent to 26,100 tons per 24-hour 
day. Each train was hauled by from two to three 
mallet compound locomotives, depending on the grade, 
and a total of 20 such engines were required for this 
service. 

The use of electric locomotives has had a marked 
effect on the operation of trains through the Elkhorn 
tunnel. The dispatcher will now allow a full tonnage 
train to leave Eckman Yards, eastbound, ten minutes 
before a local passenger train is due, and will allow 
the same train to enter the tunnel four or five minutes 
ahead of a passenger train, as he is perfectly sure 
that it will come through without delay. Formerly, 
20 minutes was the time figured on for a 3-mallet 
engine train through the tunnel, not only because its 
speed was less, but also because of frequent stalling. 
Two electric locomotives consistently pull a 3,250-ton 
train through the tunnel in about three minutes. 

It will be of interest to follow an electric locomotive 
on one of its regular round trips over the line from 
Bluefield to East Vivian or Eckman and back. (The 
main yards at the west end of the line are at Eckman.) 
Leaving Bluefield inspection track, the locomotive 
goes to the West Bluefield Yards, picks up a train of 
from 85 to 95 empties, and proceeding westward, sets 
them off at the various mines in the coal field west of 
the tunnel. Proceeding on to Eckman, the locomotive, 
without turning, picks up what is known as a tonnage 
train of 3,250 tons, consisting of from 28 to 45 cars, de- 
pending on their capacity, and starts east. A pusher 
is used from Eckman to Ruth (at the eastern portal 
of the Elkhorn tunnel and at the summit of the 2 per 
cent grade). The single locomotive then takes the 
train to Flat Top Yards, where additional tonnage up 
to 4,750 is accepted. The run from Flat Top to Blue- 
field is made with the help of a pusher, on the 3-mile 
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1% per cent grade at the end of the division, between 
Graham and Bluefield. 

The round trip from Bluefield to Eckman and back 
is made in the average time of seven hours and two 
such trips constitute an average day’s work for one 
train crew. Formerly, with steam operation, a day’s 
work for our train crew consisted of a single round 
trip between Bluefield and the coal field, which usu- 
ally took 12 hours. There are usually 9 of the 12 
electric locomotives actually on the road, with one 
at Bluestone undergoing general repairs, one idle 


Fig. 3. 


at Bluestone for relay and one over the inspection pit 
at Bluefield. 

Some ammeter readings taken on one of these trips 
may be of interest. These readings were taken from 
the four ammeters in the cab, each meter registering 
the current taken by each of the four trucks. Normally 
the current taken by the different trucks is equal; there- 
fore, the total current taken by the locomotive is four 
times the reading of one ammeter. 

The train (westbound) consisted of one electric loco- 
motive with a trailing load of 92 empties. When 
going up a 1.4 per cent grade west of Bluestone at 14 
m.p.h. the ammeter showed 500 amperes, and when 
coasting down the 2 per cent grade through and west 
of the Elkhorn tunnel an average regenerative current 
of 300 amperes was registered. Later, when coming 
east with 23 75-ton cars (over half a normal ton- 
nage train) with one locomotive, the ammeter showed 
SoU, amperes on the 2 per cent up grade and a 
regenerative current of 400 amperes on the 2.30 per 
cent down grade. One locomotive will take a full 
tonnage train of 3,250 tons down the 2.36 per cent 
grade at about 15 m.p.h. without air brakes. Under 
such conditions, which are normal, the regenerative 
current per truck is about 550 amperes. 
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It is a most impressive sight to see one of these 
heavy coal trains hauled up one side of the mountain 
and lowered down the opposite side at a constant 
speed, without the use of air brakes and with no indi- 
cations of the change in grade other than the gradual 
fall and rise of the ammeter needles. The regenera- 
tive ability of the three-phase motor is one of the main 
factors which makes their use for this severe service 
particularly successful. Another characteristic of the 
three-phase motor which has proved most valuable is 
its inherent ruggedness, due to the absence of a com- 
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A Full Tonnage Train Consisting of 25 180,000 Ib. Capacity Coal Cars and Two Electric Locomotives. 


mutator. When starting a heavy train on a grade 
with a steam locomotive the pusher does not shut off 
steam when the head engine stops the train with the 
air brakes. It simply holds against the train with open 
throttle and in so doing permits the head engine to 
release the air and pick up its share of the slack when 
ready to start. When the front half of the train is 
under way the “Pusher” will start its half and the 
entire train will move with a minimum of jarring and 
bumping. Of course, poor track and weather condi- 
tions may complicate matters to such an extent that 
perhaps three or four minutes might be required to 
start. 

The three-phase motors on the electric locomotives 
are peculiarly adapted to stand up under the severe 
conditions above mentioned when starting a heavy 
train. In fact, their ability to stand still under full 
load for a maximum of five minutes, while holding a 
train about to be started on a heavy grade, contributes 
in a large measure to their success in this installation. 


Locomotive Maintenance. 


The facilities provided for the inspection and main- 
tenance of the electric locomotives appear ridiculously 
small when compared with the extensive and elaborate 
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facilities required for the proper maintenance of an 
equal power in steam locomotives. One rather small 
machine and inspection shop at Bluestone and one 
small frame office and store building, and open air 
inspection pit and six sand boxes, at Bluefield, are all 
the electric locomotive facilities provided. The ab- 
sence of roundhouses, coal docks, cinder pits, water 
tanks and large machine shops is particularly notice- 
able and impressive. The general inspections and 
heavier repairs are made in Bluestone, a point about 
11.5 miles west of Bluefield, while the terminal inspec- 
tions and light running repairs are made at Bluefield, 
the eastern terminus of the electric zone. 

When considering the question of providing proper 
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be noted there are two inspection pits running the full 
length of the building, with a wheel pit connecting 
them with the wheel track in the machine tool bay. 
The inspection pits are of concrete, are well drained 
and are prowided with numerous lighting, power and 
compressed air outlets. The wheel pit is equipped 
with a narrow gage track for the transfer of wheels 
between the locomotives and the wheel track, as they 
rust on a wheeled pneumatic jack. 

The pit furthest from the machine bay is used almost 
exclusively for inspection purposes and to facilitate 
this inspection a platform, 112 feet long, and located 
12 ft. 8 in. above the rails, has been erected near it. 

All dissembly, erection and repair work is done 
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maintenance facilities for the entire installation, it was 
decided that Bluestone was the logical site for the 
main locomotive inspection and maintenance building, 
because of its central location as regards the electric 
zone, and because the power plant was to be located 
there, near the only available water supply. The line 
maintenance force is also located at Bluestone in a 
brick building, formerly used as a pumping station. 

The concentration of the various electric traction 
departments and the power supply at one central point 
is sure to result in a co-operation and an organization 
efficiency that could not be hoped for if the various 
facilities were scattered. The power director, who is 
located at the power house switchboard, is at the 
center ofa web of telephone wires connecting him with 
the train dispatcher, division superintendent, signal 
bridges, yardmasters, line patrol telephones, line fore- 
men, locomotive inspectors, etc., and in this way he 
-acts as the final bond between all departments, thus 
completing a perfect operating and maintenance or- 
ganization. 

The locomotive inspection building at Bluestone is a 
substantial brick and steel structure 148 ft. by 68 
ft., similar in style to the power plant. This building 
is shown on the right of the power house in Fig. 5. 
By referring to the floor plan shown by Fig. 4 it will 


over the other inspection pit and in the machine bay. 
This part of the shop is served by a 30-ton Whiting 
crane equipped with a 30-ton main hoist and a 5-ton 
auxiliary hoist. : 

Some of the machine tools installed in the machine 
shop are individually motor-driven and part are ar- 
ranged for group drive from one motor-driven line 


shaft. All motors are of 220-volt, direct current. The 
machine tools installed are: 
Motor Driven. 
Description of tool. Motor 
HEI 2% = RPM 
80-in. driving wheel lather/....7. 2.2.25: 50 500-1,000 
Vester, \opnnake ehatdl tabhmanbare taal s.54a4oqer 2 1,200 
12 375-1,500 
SO Finay, 30 Kes, She, MME oo kcespaacsne 5 1,100 
30-11 x ten einenlathich ey aaa eee 5 400-1,600 
60-in. x 6-ft. boring and drilling machine 
(CHor.). Rs cae ce tre oe eee es 4 500-750-1,500 
204in; ‘erankesha pene 5 peice eee eee 4 500-750-1,500 
3-it, radialidclly et. Leer eee 3 F 
Brett DrIvEN Group. 
18-in. x 10-ft. engine lather 
36-in. vertical drill 
14-in., 2 spindle, sensitive drill 15 825 


36-in. x 4-in. wet tool emery wheel 

Size c, Diamond double emery grinder 
Larce PNEuMatTIc Toots. 

600-lb. single frame hammer 


45-ton rod brushing press 
Wheel jack 
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In addition to the above a winch driven by a 15-h.p., 
1,650-r.p.m. motor is located just outside of the western 
end of the shop for moving the locomotives being in- 
spected or repaired. 


Power House and Locomotive Inspection Building at 
Bluestone. 


The overhead system of electric lighting is em- 
ployed, with large tungsten lamps in enameled metal 
reflectors located on the steel roof trusses. A special 
feature of the lighting system is the use of 100 and 
60-watt lamps in angle reflectors, which are mounted 
on the side walls, about 10 ft. from the floor. Exten- 
sion cord receptacles are provided where necessary. 


Locomotive Inspection. 


The general inspection routine requires under nor- 
mal conditions that one locomotive be sent to the shop 
each day. Rotating the 12 locomotives, one after an- 
other, in this way insures that each one receives a 
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Fig. 6. The Form Used to Keep a Record of the Cab Numbers As- 
signed to Each Locomotive Number. 


general inspection every 12 days. Of course, extra 
heavy repairs upset this plan, but as a general thing it 
is closely followed. Immediately after a locomotive 
arrives in the shop it is given an inspection card, as 
shown in Fig. 7. As will be noted, this card gives a 
complete list of the locomotive parts to be inspected. 
Each man in the inspection force is permanently as- 
signed to cover a certain number of these items, the 
total being divided between seven wiremen, one air- 
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hrake man, one machinist and one pipefitter. In this 
way the work for each man is automatically outlined 
n advance and no time is wasted giving routine in- 
structions. When the card is hung on the locomotive 
the force of inspectors start to work and as the inspec- 
tion of each item is completed the man responsible 
marks his initials after it in the column headed “name.” 
Any fault found is immediately reported to the fore- 
man inspector, who takes steps to have it corrected. 
As each electric locomotive is made up of two dis- 
tinct units or halves it is possible to take one-half of 
one locomotive and attach it to a half of another loco- 
motive. In other words these units or halves are in- 


Form M. P. 392-E. 


ltorfelk & Western Railway Company 
INSPECTION CARD 
ELECTRIC LOCOMOTIVES. 


CAB No. 


LOCOMOTIVE No... 


/PANTAGRAPHS & GROUND SWITCHES 
BELL & CORD 
HEADLIGHTS 
ROOF WIRING. 
OIL CIRCUIY BREAKER, 
MAIN TRANSFORMER. 
PHASE CONVERTER. 
PHASE CONVERTER AIR GAP, BOTTOM. 
STARTING MOTOR. 
COMPRESSOR. 
FAN. 
MAIN KNIFE SWITCH. 
SWITCH GROUPS. 
REVERSERS. 
POLE CHANGEOVER SWITCHES. 
CONTROL CHANGEOVER SWITCHES. 
RHEOSTATS. 
MAIN MOTORS. 
MAIN MOTOR AIR GAP, BOTT.1_ 2. 3... 4 
MAIN MOTOR AIR GAP, SIDES, 1. 2.. 3... 
MAIN MOTORS BLOWN OUT. 
GEARS & PINIONS. 
MOTOR-GENERATOR. 
RELAYS. 
METERS. 
COMPENSATORS. 
CONTROL & LIGHTING TRANSFORMER. 
LIGHTING CIRCUITS. 
REACTANCE COIL, 
WIRING. 
MASTER CONTROLLER. 
AUXILIARY CONTROLLER. 
BATTERIES. 
HEATERS. 
FLANGE OILER. 
HAND PUMPS. 
._ | WATER PUMPS. 

SANDERS. 
AIR BRAKES. 
CONTROL AIR SYSTEM. 
CAB, 

2_| CAB BLOWN OUT. 
TRUCKS. 
DRAFT GEAR. 
JACK SHAFTS. 
JACK SHAFT OIL CUPS. 
T. L. JUMPER. 
OIL & GREASE. 
TOOLS & EQUIPMENT. 


191 4 
(i .- 


Fig. 7. Inspection Card Used in Connection with the General 
Inspection of Electric Locomotives at Bluestone. 
-terchangeable. ‘This arrangement has proved most 


convenient, because it often happens that two locomo- 
tives require repairs to only one of these units at the 
same time. By the simple expedient of coupling the 
two good halves together, one good locomotive is made 
from two which would otherwise be unfit for service. 
Such a practice necessarily requires some special sys- 
tem for keeping the locomotive numbers straight. The 
system used is to give permanent distinctive numbers 
to the cabs (as the units are called) and temporary 
numbers to the entire locomotive of two cabs. The 
cab numbers are on a brass plate riveted to each end 
of the cab on the inside and consist of the letter E 
and a number. The locomotive numbers are on re- 
movable plates hung on the outside of each cab, A 


262 RAILWAY 
record showing the cab numbers assigned to each loco- 
motive number, as shown by Fig. 6, is kept and each 
time a change is made, copies of the corrected list 
are sent to the officers interested. 

The maintenance facilities at Bluefield, where ter- 
minal inspections and light running repairs only are 
made, consist of a small frame building containing an 
office, an oil room, a locker and wash room and a store 
room. An open air inspection pit and six elevated sand 


Fig. 8. Locomotive Inspection Facilities at Bluefield. A Pit, 
Which Cannot be Seen is Located in the Second Track in Front of 
the Frame Building. 


boxes are also provided. — The day inspection and 
maintenance force at Bluefield consists of an inspector, 
a clerk, a wireman, a machinist, a pipe fitter, an oiler, 
and three laborers. The night force consists of a ma- 
chinist, a pipe fitter, an oiler and two laborers. Except 
for the electric light wiring, no inspection is made of 
the electric apparatus at night. The locomotives are ex- 
pected to be ready for service after a layover of 40 
minutes at Bluefield, except in cases requiring extra- 


A 7000 Trolley B 


Fig. 9. 
graph Shoe Curves the Trolley Wire so that it Makes Contact with 
the Shoe at Points A and B Only, Thus Causing Greatest Wear at 
Those Points. 


Sketch Showing How the Upward Thrust of the Panta- 


ordinary repairs. This means that a locomotive is lay- 
ing over for inspection only about two hours out of every 
24, or about 8 per cent of the time. 


Locomotive Performance. 


In general, it can be said that the locomotives have 
more than come up to expectations in their ability to 
stand up under the most severe traction conditions in 
the world, and considering the racking service and the 
fact that these are the first locomotives built to haul 
such enormous trains over heavy grades, their per- 
formance has been remarkable. No tires have been 
replaced since electric operation was inaugurated in 
May, 1915. Any flat spots that have appeared have 
been filled up by electric welding and then ground off 
to the proper contour. 

The solution in the water rheostats (water and soda 
ash) is renewed about once a week. The renewable 
steel pantagraph shoes have a serviceable life of from 
two to three months, the greatest wear taking place 
along the edges of the shoe (see points A and B, Pig. 
9). This is evidently because its contact surface is 
flat, whereas the trolley wire, at the point of contact, 
takes the form of a long radius are due to the upward 
thrust of the pantagraph. This condition is of course 
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exaggerated in the sketch. It is usually found that 
while the shoe wears through along the edge, the metal 
near the center is hardly touched. 


Line Maintenance. 


The headquarters for the line inspection and main- 
tenance force is located at Bluestone in a brick build- 
ing formerly used as a pumping station. In addition 
to the office of the line foreman this building con- 
tains a storeroom for a complete supply of line mate- 
rial. The construction and maintenance facilities con- 
sist of a repair and construction train made up of a 
tower car, tool car and several flat cars for poles, 
wire reels, etc. The tool car is fitted with a grounded 
standard pantagraph, which is used as a safety ground, 
as well as for gaging the height and position of the 
trolley wire. This construction train has been used 


Line Inspection and Repair Outfit Set Up Ready for 
The Man On the ‘‘Hot-Ladder’’ Has His Hand On a Live, 
11,000-Volt Trolley. 


Fig. 10. 
Work. 


but three times since last fall and then only for new 
construction work, involving trolley extension into 
branch lines or over additional side tracks, etc., and 
for trolley adjustment. 

A small platform car and treated extension ladders 
are used for ordinary repairs. The tower on the plat- 
form car is telescoping, the upper half being raised 
to the proper height by two sets of pulley-blocks. This 
platform car is pulled behind an ordinary gasoline 
car. The outfit, which is shown in Fig. 10, is very 
light and easily assembled and may be quickly sent to 
any part of the line. It is manned by small gangs 
of not more than five men, consisting of four wire- 
men and a flagman. The maintenance of the entire 
line is taken care of by two such crews, one at Blue- 
stone and one at Bluefield. The entire line is inspected 
daily by one man who generally rides the locomotives. 
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Patrol telephones, in locked iron boxes, are located on 
each west signal bridge, which are about one mile 
apart. These telephones, which connect with the 
power director at the power house, are used by the 
maintenance crew and section foremen for reporting 
trouble, completion of repairs, etc. In addition, each 
line crew has a portable telephone set, which may be 
tapped on to the through telephone line. 

All section foremen have been instructed to call up 
the power director when rails are to be removed, so 
that arrangements can be made to have the line crew 
go out and take care of the bonding. Usually the 
section foreman carries a sufficient number of long 
jumpers, which are bolted to the bonds on each side of 
the new rail. When such a jumper is used it is left 
connected until the bonding crew installs the perma- 
nent bonds later. 


Bond-Hole Drilling Outfrt. 


The device shown in Fig. 11 is used by the line con- 
struction and maintenance force for drilling bond-holes 
in the rails. It consists essentially of an angle iron 
attached to the bottom of the rail by two threaded 
hook-bolts. This angle iron forms a back or “old man” 
for the hand ratchet brace, as shown in the sketch, and 


Fig: 11. 
nance Force for Drilling Bond Holes in the Rail. 
sary to Drop the Ratchet Brace Handle When a Train Passes. 


Apparatus Used by the Line and Track Bond Mainte- 
It is Simply Neces- 


is long enough to allow the drilling of one hole on 
each side of the fish-plates. The rope, which is tied 
to one of the hook-bolts, is given a few turns around 
the hand feed on the brace and is used to hold the 
feeding device when additional pressure is required on 
the drill point. The feeding device could be operated 
by hand, but the rope is easier and less awkward to 
operate. A padded wooden seat used in connection 
with this outfit has a projection on its lower side at 
one end so that the seat is level when one end is placed 
on the rail and the other end on the ties. 

This outfit is not only fast, but is convenient for use 
on the main line where trains may be expected any 
time. When a train approaches it is simply necessary 
to take the seat off the track and throw the ratchet 
handle down parallel with the rail, an operation requir- 
ing but a few seconds and one that does not disturb 
the drill. 

In general, the overhead catenary system has given 
perfect satisfaction and this fact furnishes ample proof 
that the light, flexible catenary systems give the best 
results, even under the most severe conditions. Some 
trouble has been experienced because of changes in the 
super-elevation of the track on curves, but this was .due 
mostly to lack of knowledge of the results on the part 


RAILWAY ELECTRICAL ENGINEER 


263 


of the section foremen. Since the section foremen 
have been “lined up” on this point, there has been no 
further trouble. 

In one or two isolated cases the suspension insula- 
tors have flashed over, due to an accumulation of wet 
snow and soot, but trouble from this source is sur- 
prisingly infrequent. The wearing effect of the panta- 
graph shoe on the trolley wire is small. A piece of 


Fig. 12. 


The Improved Type of Regeneration Load Water Rheo- 
stat. The Water Is Admitted Through the Fiber Conduit which 
Rests On 11,000 Volt Insulators as Shown at the Back of Each Box. 


trolley wire which was removed from the Elkhorn 
tunnel after eight months of continuous service showed 
a flat spot of about 1/16 in. wide. 


Regeneration Loading Rheostats. 


Ordinarily the power regenerated by a train going 
down grade is absorbed by locomotives working at 
other points on the system. There are times, however, 
when the regenerative power is greater than the load 
and if no other load was provided the excess would 
reverse the power plant generators and run them as 
motors. To prevent this, a loading rheostat was orig- 
inally installed, consisting of electrodes immersed in 
the intake canal. This rheostat was connected to the 
power plant busses by automatically operated oil 
switches controlled by reverse current relays. 

Recently a new and improved type of regenera- 
tive loading rheostat has been installed, as shown in 
Fig. 12. There are two separate rheostats, each made 
up of three 15-ft. boxes, 2 ft. square in section, and 
resting on 44,000 pin insulators. The three boxes, 
which are 4 ft. between centers, are connected in par- 
allel. Fresh water is fed in at one end of each box 
through 3-in, Orangeburg fiber conduit, which rests 
on 11,000 volt pin insulators, as shown in the illustra- 
tion. The water flows out through numerous holes 
in the opposite end. The holes near the bottom, where 
the pressure is greatest, are smaller than those above, 
and in this way the water is made to move with a 
uniform velocity through the entire section of the box. 
There are two electrodes in each box, consisting of 
5-in. channel irons, 15 in. long. They are hung from 
suspension type insulators fastened to sections of iron 
pipe resting on a wooden frame work. The high ten- 
sion electrodes are connected to the 11,000 volt leads 
from the powerhouse, which pass overhead and which 
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are dead-ended on a pole by three-unit suspension 
insulators. The grounded electrodes are connected to 
a ground plate. 

Each rheostat (three boxes) is designed to carry 
500 k.w. at 11,000 volts. The capacity is varied, when 
necessary, by shifting the electrodes horizontally. As 
the conductivity of the water changes with different 
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seasons of the year it is necessary to provide for proper 
adjustment of these rheostats. The small cross section 
of the boxes in the new rheostats make such an adjust- 
ment possible. Two rheostat circuits were provided 
to take care of the variable excess regenerative current 
and to facilitate the cleaning or repairing of one with- 
out taking both out of service. 


New Lower Deck Car Lighting 
Fixture | 


The steel dining cars and coaches recently received 
by the Northern Pacific from the Pullman Company 
are equipped with a new style of lower deck lighting 
fixture, which in design and application is a distinct 
departure from other fixtures of the flush type. 

The new fixture was developed by the Adams & 
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Fig. 1. Details of Glass and Frame of New Car Lighting Fixture. 


The Application of the Two Lamps is Shown in Fig. 2. 


Westlake Company at the request of the railroad com- 
pany. In brief the specifications were to design a 
fixture, which, when flush mounted along each lower 
deck rail, would amply illuminate, without glare and 
without the use of additional fixtures, both the reading 
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Fig. 2. Plan View of Dining Car, Showing Locations of the New 
——-$ 


Style of Lower Deck Fixtures. 


plane and the ceiling. The most difficult feature of 
the design was to determine the form and curvature 
of the glassware necessary to eliminate shadows on 
the ceiling, as it was a simple matter to provide proper 
illumination on the reading plane. The design shown 
in Fig. 1 was finally adopted and, when installed as 
shown by Figs. 2 and 3, the results were satisfactory. 


Design. 
By referring to Fig. 3 it will be noted that the com- 


plete fixture is built up by mounting two Bryant No. 
42453 molding base receptacles on two wrought iron 
straps screwed to the framework of the car. Next a 
curved silvered reflector with two holes for exposing 
the receptacles is screwed to the car, and over all is 
screwed a brass frame holding a diffusing glass in a 
hinged door. The details of the reflector, frame and 
glass are plainly shown in Fig. 1. The small hole at 
each end of the reflector is for ventilation. As shown 
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of Installing the Sockets and Lamp Bulbs. 


in Fig. 3 the contour of the lower deck has been made 
to conform to the curve of the fixture, thereby eliminat- 
ing corners or dark pockets and producing on the 
whole a symmetrical and pleasing effect. 

Each fixture is fitted with two 15-watt lamps and 
in the diners, as shown in Fig. 2, the distance between 
fixtures is 3 ft. 3% in. In the coaches the fixtures 
are located every six feet, or opposite the center post 
of each window. There are 18 fixtures in the body of 
the 10-table dining cars and 22 fixtures in the body 
of the standard 70-ft. coaches. 
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Maintenance. 


If it becomes necessary to replace the electric lamp 
bulbs or the glass in one of these fixtures the only 


View of Coach Interior Taken at Night with Its Own 
Illumination. 


Fig. 4. 


operation necessary is to turn the two wing latches 
shown at the bottom of the end section in Fig. 1 and 
let down the hinged portion of the brass frame in 
which the glass normally rests, being held in place 
by six small leaf springs. The lamps will then be 
exposed and may be easily replaced. 

When the car goes through the shop for general 
overhauling the only part of the fixture that requires 
attention is the brass frame, which can be easily taken 
down. It is not necessary to touch the receptacles or 
the wiring, as they are permanently attached to the 
framework of the car. The same is true of the reflec- 
tor, which, being silvered, should retain its polish 
indefinitely. 
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Believing that the proper illumination of railway 
offices, depots, shops, freight warehouses, docks, etc., 
is a most important factor in preventing accidents, im 
producing greater accuracy of workmanship and im m- 
creasing labor efficiency, we are reprinting, im short, 
readable articles, a Code of Lighting, prepared by com- 
mittees of the Illuminating Engineering Society. This 
code is a practical summary of information pertaming 
to the illumination of shops and other work places. 

The first article appeared in the January issue. 


EXPLANATORY NOTES. 


Section I. Daylight—Adequate daylight facilities 
through large window areas together with light, cheerful 
surroundings, are highly desirable and necessary fea- 
tures in every work place, and they should be supplied 
through the necessary channels not only from the hu- 
mane standpoint, but also from the point of view of 
maximum plant efficiency. 

Importance of Daylight—The unusual attention to 


* Code copyrighted by the Illuminating Engineering Society. 
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The absence of fixture wire in these fixtures should 
also result in freedom from grounds such as frequently 
occur when this small wire is pulled through the re- 
stricted openings sometimes found in other forms of 
fixtures or when brass sockets are used. 

Unfortunately, photometer readings of the illumina- 


Fig. 5. View of Dining Car Interior Taken at Night Without Flash- 
light. Note the Absence of Glare and Shadows. 


tion in the cars equipped with these fixtures are not 
available, but the illustrations in Figs. 4 and 5 show, 
to some extent, the results obtained. The absence of 
glare and shadows and the softness of the light is 
particularly noticeable. 


Uy 


gas and electric lighting in factories, mills and other 
work places during the past few years; the perfection 
of various lamps and auxiliaries by means of which an 
improved quality and quantity of lighting effects are 
obtained ; and the care which has been devoted to increas- 
ing the efficiency in various industrial operations—all 
go to emphasize the many advantages and economies that 
result from suitable and adequate window space as a 
means for daylight in the proper quantities and in the 
right directions during those portions of the day when 
it is available. 

Three Considerations —Three important considerations 
of any lighting method are sufficiency, continuity and 
diffusion. With respect to the daylight illumination of 
interiors, sufficiency demands adequate window area; 
continuity requires (a) large enough window area for 
use on reasonably dark days, (b) means for reducing 
the illumination when excessive due to direct sunshine. 
and (c) supplementary lighting equipment for use on 
particularly dark days and especially towards the close 
of winter days; diffusion demands interior decorations 
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that are as light in color as practicable for ceilings and 
upper portions of walls, and of a dull or mat finish in 
order that the light which enters the windows or that 
which is produced by lamps may not be absorbed and lost 
on the first object that it strikes, but that it may be re- 
turned by reflection and thus be used over and over 
again. Diffusion also requires that the various sources 
of light, whether windows, skylights or lamps, be well 
distributed about the space to be lighted. Light colored 
surroundings as here suggested result in marked econ- 
omy, but their main object is perhaps not so much econ- 
omy as to obtain a result that will be satisfactory to the 
human eye. 

Requirements——The following requirements may now 
be listed for natural lighting: 

1. The light should be adequate for each employee. 

2. The windows should be so spaced and located that 
daylight conditions are fairly uniform over the working 
area. 

3. The intensities of daylight should be such that arti- 
ficial light will be required only during those portions 
of the day when it would naturally be considered neces- 
sary. 

4. The windows should provide a quality of daylight 
which will avoid a glare due to the sun’s rays and light 
from the sky shining directly into the eye, or where this 
does not prove to be the case at all parts of the day, 
window shades or other means should be available to 
make this end possible. 

5. Ceilings and upper portions of walls should be main- 
tained a light color to increase the effectiveness of the 
lighting facilities from window areas. The lower por- 
tions of walls should be somewhat darker in tone to 
render the lighting restful for the eye. Factory green 
or other medium colors may be used to good effect. 

Classification—Means for natural lighting may be 
classed under three broad divisions as follows: 

(a) That case in which the windows are located on the 
sides of the building or in the framework of saw-tooth 
construction, where diffused light: from the sky reaches 
the work during a large portion of the day. 

(b) That case in which windows are located overhead 
on a horizontal or nearly horizontal plane in the form 
of skylights, thus furnishing direct light from the sky 
during a large portion of the day. 

(c) That case in which prismatic glass takes up the 
direct light from the sky and redirects it into the work- 
ing space. 

Method (a) is, of course, the most common of the 
three, and it may be noted that the saw-tooth or other 
roof lighting constructions have become very popular 
and result in an excellent quality and quantity of light 
for given window areas provided the size, design and 
location of windows are in accord with the best modern 
practice. 

Increasing the Value of Floor Space-—Adequate and 
well distributed natural light means that certain portions 
of the floor space which ordinarily would not be avail- 
able for work, are converted into valuable manufactur- 
ing space. Ina general way, therefore, the average fac- 
tory, mill or other work place, if properly designed, 
should possess natural lighting facilities which produce 
the best practicable distribution of daylight illumination. 

Wide Aisles—With low ceilings and very wide aisles, 
workmen located at the central portion of the building 
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must sometimes depend for their natural light on win- 
dows located at a considerable distance away from their 
working position. In these cases it may be impossible, in 
general, to depend altogether on daylight over an entire 
floor space, even at those times of the day when daylight 
conditions would be entirely adequate under other cir- 
cumstances. This statement applies to side windows 
rather than to skylights or to saw-tooth construction. Fig. 
1 illustrates this feature. 

Varying Conditions —In a case of this kind, employees 
located next to the windows are furnished with suitable 
daylight in the early morning and towards the latter part 
of the afternoon, the upper portions of the windows be- 
ing particularly serviceable in lighting areas at some dis- 
tance away from the windows. A southern exposure, 
however, results in such excessive light from the sky 
during the middle of the day, that heavy shades are 
nearly always pulled down so as to cover the entire win- 
dow area. This plan makes it necessary to use artificial 
light throughout the larger part of the office during the 
brightest portion of the day, and reduces the daylight 
at those points where it would supposedly be the best, 
namely, near the windows. Here the location of the win- 
dows is a large factor in the excellence of the daylight 
conditions, but the manipulation of the shades is perhaps 
even more important. To avoid such a difficulty, ad- 
justable translucent upper window shades with adjust- 
able opaque lower shades might be employed. 

Upper Portion of Windows.—It should be further noted 
in this illustration that the upper portions of the win- 
dows give a reduced illumination in proportion to their 
areas, to the floor space near them. In rooms of mod- 
erate size, therefore, the windows should be placed as 
near the ceiling as practicable. When the sun shines 
through windows so located, the direct light must be re- 
duced or diffused. This may be accomplished by the 
use of ribbed glass in ordinary factory and mill build- 
ings, and in offices by the use of translucent sun shades 
or awnings. 

Tempering the Light—The light due to the sunshine 
on such shades and awnings will be as bright as ordinary 
skylight if the shade is well chosen, and the ribbed glass 
will be still brighter. If the windows are large, the il- 
lumination is likely to be too great near the windows as 
previously pointed out and it must be reduced. This 
should not be done, however, by pulling down an opaque 
shade over the top of the windows because the top por- 
tion of the window is the part that is particularly needed 
to give light to the interior of the room. The better 
scheme is to employ an opaque shade which should be 
raised from the bottom of the window. This will con- 
siderably reduce the illumination near the window with- 
out affecting it over the interior of the room to any 
marked degree. 

Bench Locations—-Fig. 2 shows how benches are com- 
monly located with respect to windows, so that the light 
received on the work may be most satisfactory. This 
sets a certain limitation upon the possible arrangement 
of the work over the floor space, depending on the way 
the daylight is furnished to the floor area. This limita- 
tion can be eliminated almost completely in the case of 
artificial light through a uniform distribution of lamps 
overhead. This statement applies to those cases where 
natural light is transmitted through side windows, and 
includes a feature specially noticeable in buildings of 
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more than one story. In contrast, the work may be 
arranged almost independently of the natural light in 
buildings where the natural light is furnished by over- 
aead windows or through the means of saw-tooth con- 
struction. 

Window Glasses——Both translucent and clear glass 
are employed for factory and mill windows. There is a 
slight reduction in the transmitted light through ordin- 
ary translucent wire glass, but it is often required by 
insurance regulations for a reduction in the fire risk 
where a given building is located in close proximity to 
other buildings. Wire glass is also used quite generally 
with steel window frames, here being an added protec- 
tion from the standpoint of fire risk. Wire glass may 
be obtained in clear form, but its expense in contrast 
to the translucent form is such as ordinarily to prohibit 
its use for industrial purposes. 

Wire Glass——Wire glass, also known as ribbed glass, 
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should be used and is advocated for practically all fac- 
tory and mill windows where prisms are not required. 
Wires of rather open mesh cause so little reduction in 
light as to warrant no mention of this feature. Special 
care should be taken to get such glass as is smooth both 
on the flat side and on the ribbed side to facilitate clean- 
ing. Wire or ribbed glass gives better diffusion than 
plain glass. 

Prism Glass——Where the sky outside of the windows 
is obstructed by buildings, prism glass is recommended 
if the room is deep. Different kinds of prisms cannot be 
used to advantage interchangeably. The amount of prism 
glass required in any case depends much upon the sur- 
roundings and to obtain excellent results, of which such 
glass is capable, it must be used intelligently. 

Skylights —Skylights are sometimes installed in long 
narrow continuous strips in a sloping roof. The ribs of 
the ribbed glass are generally so arranged that it is con- 
venient to make them at right angles to the length of the 
strips. The result is that the sunshine is diffused by the 
ribs over a narrow area parallel to the strip of skylight, 
thus lighting one part of the room much more brilliantly 
than the remainder. If the ribs are installed to run 
parallel to the strips, they will give a much more general 
distribution of the sunlight. In the foregoing, the word 
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strip refers to the long belt of skylight and not to the 
individual sheet of glass. Ribbed glass in vertical win- 
dows should generally be placed with the ribs horizontal. 
They thus roughly fulfill some of the functions of prisms 

Dirt Accumulations—While translucent wire or ribbed 
glass reduces the amount of light transmitted through 
the windows, the roughness of the outside surface of 
such glass often causes accumulations of dust and dirt, 
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Fig. 2. Diagram Showing Benches Located with Respect to the 
Windows so as to Receive the Natural Light Advantageously. 


which are more to blame for the reduction of transmitted 
light in some cases than the translucent nature of the 
glass itself. Remedies of this difficulty are to secure 
smooth glass and to resort to frequent cleaning. 

Wire Glass as a Safeguard.—Wire glass for skylights 
is, of course, a practical necessity as a safeguard against 
accidents due to accidental breakage of the glass or due 
to objects falling on top of the glass. 

Calculations for Natural Light—In certain typical lo- 
calities, the average brightness of the sky during business 
hours is about 250 candles per square foot. This is 
probably a fair average value for the entire United 
States. The lower or minimum value of sky brightness, 
excluding particularly stormy days, may be taken as 
about 100 candles per square foot. Allowing for a re- 
duction of 25 per cent for losses in the windows them- 
selves, the brightness of the sky as seen through a win- 
dow becomes equal to a minimum of say 75 candles per 
square foot in any directions from which the sky can be 
seen through the windows. This brightness value if mul- 
tiplied by the part of the window area through which 
sky is visible from a given point in the work space gives 
the available candlepower through the window in ques- 
tion, and this candlepower is then divided by the square 
of the distance between the given point and the window 
to obtain the foot-candle intensity of the illumination at 
the given point. 

Method Illustrated —To illustrate this method, con- 
sider a hallway 40 ft. long, lighted by a window 5 ft. 
by 5 ft. at one end, with the sky visible from the darker 
end of the hall through the upper half of the window 
only. The illumination at the dark end of the hall will 
then be equal to: 

75 
- = 0.58 foot-candles, 

1,600 
under the assumed window brightness of 75 candles per 
square foot. The 1,600 in this calculation results from 
the square of 40 ft., the length of the hall, or in other 


SSG 5.0 5x 


268 


words the distance from the point considered to the 
window; and the factor 0.5 takes into account the fact 
that the sky is visible through only one-half of the win- 
dow area from the point considered. 

Checking the Intensity —The intensity is not sufficient 
at this darkest part of the hall since the requirements 
of Article I of the Code proper call for three times the 
minimum values given in Article V, and the minimum 
value given in Article V for passageways is 0.25. Three 
times this value is 0.75, which is somewhat greater than 
the value found in this calculation. The window area 
must therefore be increased in size by about 50 per cent., 
or if this is impossible or impracticable, the hallway 
must be provided with artificial light at those points 
where the natural light falls below the requirement. 

Calculation for a Skylight—As another illustration, 
assume that fine manufacturing work is to be performed 
under a skylight 20 ft. above the work. If the bright- 
ness is assumed to be 75 candles per square foot as be- 
fore, the minimum intensity must be 3 X 3.5 foot-can- 
dles; that is, 10.5 foot-candles, based on the require- 
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ments of Article I of the Code. The window area must 
then equal: 
795 
105° —= -==556'sq. It 
400 

Part of Wndow Area to Consider.—It is important in 
estimating the illumination of any workroom to con- 
sider only that portion of the window area through which 
clear sky is visible, provided the window is equipped 
with ordinary clear glass. 

Sunshine Not Desirable—In all the work of providing 
natural light, it should be kept in mind that direct sun- 
shine in itself, from the illumination standpoint but ir- 
respective of sanitary conditions, is not wanted. The 
idea that sunshine is the important item is a common but 
an erroneous impression. For example, in saw-tooth 
construction, the windows do not face the south to get 
all the sunshine possible, but they face the north to ex- 
clude the sunshine. Ordinary windows, on the other 
hand, face all directions because not enough light can 
be distributed to interiors from north windows alone. 
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Tine Operation of Feeder 
Voltage Regulators 
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The connections of feeder voltage regulators are 
made on a terminal board on the top of the case, both 
for the stator and rotor elements. A small motor 
mounted on the top of the regulator is used for turning 
the rotor, although it can also be operated by means 
of a hand wheel. In either case the rotor of the regu- 
lator is moved by means of a worm gear fastened to 
either the motor or hand wheel. A two or three-phase 
motor is generally used on account of the ease with 
which a polyphase motor can be reversed. 

Feeder regulators may be hand or automatically 
operated. If hand operated, the operator either turns 
the rotating elements by means of the hand wheel on 
the regulator or he has a reversing switch on switch 
board which controls the small motor on the regula- 
tor. The motor method of operating the regulator is 
far superior to the hand wheel method. When motor 
operated, the motor is controlled by a small double 
pole or triple pole, double throw switch located at 
any convenient point, usually near the volt meter, so 
the operator can see how much he raises or lowers 
the voltage. Closing the switch one way will cause 
the motor to turn the rotor of the regulator in one 
direction and closing it the other way will cause the 
motor to turn the rotor of the regulator in the reverse 
direction. 


“General Foreman, Electric Department, Illinois Central, Chicago. 


As the regulator rotor is designed to move through 
only part of a circle, a limiting device must be pro- 
vided, so that it will not be turned past the extreme 
position in either direction. The limiting device on 
the hand operated regulators consists of stop-irons 
located on each end of the semi-circular worm gear 
that turns the motor. On the motor operated regu- 


Fig. 37—Relay Switch Used for Controlling Automatic Feeder 
Voltage Regulators. The Carbon Contacts May Be Seen 
Through the Glass Front 


lators a limit switch is provided which opens the 
motor circuit as soon as the regulator has reached 
either extreme position. 

This limit switch does not interfere with the move- 
ment of the regulator in the opposite direction after 
it has been opened, and it automatically closes as soon 
as the regulator rotor has been moved out of the 
extreme position, which caused the limit switch to 
open. 
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All quick operating regulators are provided with a 
brake coil, which is:connected across one phase of the 
motor circuit. The brake is always set by a spring 
when there is no current flowing through the motor, 
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Fig. 38—Wiring Diagram of a Contact-Making Voltmeter Used in 
Conjunction with a Regulator Relay 


but when current is switched on it energizes the brake- 
coil, which overcomes the power of the spring and 
releases the brake. 


Automatic Regulators. 


Instead of a hand operated, triple pole, double throw 
switch, the automatic type of regulator is provided 
with a switch which is electrically operated by a relay 
and a contact—-making voltmeter, connected across the 
regulated feeder. A relay switch, of the type used for 
automatic regulation, is shown in Fig. 37. Such a 
switch has six contacts and two alternating current 
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. Fig. 39— Diagram of Connections of a 


Regulator 


magnets with opposite poles and a common armature. 
A wiring diagram for the contact-making voltmeter 
used in conjunction with the relay is shown in Fig. 38. 
It will be noted that it consists essentially of a solenoid 
and a laminated core, the latter being supported partly 
by a spring and partly by the current passing through 
the solenoid. This solenoid operates a lever which 
makes contact from either above or below; the contact 
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above closes the relay circuit, which operates the 
regulator motor in one direction and the contact below 
closes the relay circuit, which operates the regulator 
motor in the opposite direction. When the line volt- 
age is normal the lever stands in mid-position between 
the two contacts, but any variation of voltage will 
cause the lever either to rise or fall, thereby closing 
one of the relay circuits, which will close the regulator 
motor circuit. The motor will turn the regulator rotor 
until the voltage is adjusted to a predetermined value. 

If it is desired to compensate for line losses so as to 
keep the voltage constant at some distant point on 
the feeder, it is necessary only to provide the contact- 
making voltmeter with an extra compensating wind- 
ing connected in series with the line through a suitable 
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Fig. 40—Connection Diagram of a Voltmeter Provided with an 
Extra Compensating Winding 


current transformer. The compensating winding is 
usually connected through a dial switch so that the 
control can be adjusted very accurately and for differ- 
ent losses. Detailed connections of a voltmeter with 
a compensating winding (which is described in an- 
other paragraph) are shown in Fig. 40. 

A diagram of the connections that would be used 
to connect a single-phase regulator, so that it will 
be automatically operated by a three-phase induction 
motor is shown in Fig. 39, while Fig. 41 shows a direct 
current control system applied to the same regula- 
tor. The connections used on a three-phase regulator, 
connected so that the line losses will be compensated 
for, are shown in Fig. 43. These connections are self- 
explanatory and need no further comment. 


Hand Operated Regulators. 


Another type of regulator that is often used in small 
stations, where there are only a few feeders to keep 
regulated and where the load is small, is the hand 
operated regulator. It is used almost entirely on sin- 
gle-phase lighting feeders and is composed of two coils 
wound similar to a transformer. The secondary wind- 
ing has several taps taken out from it that connect to 
the several points shown on the dial switch, which is 
part of the wiring diagram for this type of regulator, 
shown in Fig. 42. 

These regulators are so connected that when the 
dial switch has made one complete revolution the 
voltage of the line is equal to that of the generator. 
Continuing to turn the switch in the same direction 
will cause a reversing switch on the back of the regu- 
lator to close so that the next revolution of the dial 
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switch, if in the same direction, will cause a boosting 
effect. Therefore, by two complete revolutions of the 
switch, the line voltage will be varied from the maxi- 
mum buck voltage to the maximum boost voltage. 
These regulators are more efficient than the induction 
type; because the variation in feeder voltage is caused 
by cutting in and out coils of the secondary winding, 
whereas voltage variation with the induction type is 
caused by inductive action between the primary and 
secondary coils. 

The selection of a regulator is important and the 
selection of a particular type should be made only 
after a careful study of the operating conditions. 

A choice must be made between the single and 
polyphase types and it must be decided whether the 
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Fig. 41—Diagram of Connections of a Single-Phase Feeder 
Regulator Automatically Controlled by a Direct Current Motor 


regulator is to be hand or automatically operated. If 
the automatic type is installed it means that a good 
operator must be in charge, while the hand operated 
regulator can be operated by most any one by referring 
to a load chart. A load chart is a table showing what 
voltage should be maintained with various feeder cur- 
rents. The automatic type is preferable, however, 
from the viewpoint of economical operation, which is 
important where revenue is figured closely. 


Operating Instructions. 


Before any regulator is connected care should be 
taken to see that the current capacity of the regulator 
is sufficient to carry the load that is carried on the 
circuit. This information can always be determined 
by consulting the ammeter on the circuit and the name 
plate on the regulator, which gives the voltage, fre- 
quency and current capacity. In the rating of a 
regulator, the first figure signifies the number of poles 
with which the regulator is wound, the second figure 
denotes the k.w. capacity and the third the frequency. 
The k.w. capacity of any regulator is equal to the 
normal line current to be regulated times the maxi- 
mum boost of the regu!-tor. and as the lower is equal 
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to the boost, the total range is equal to twice the k.w. 
capacity. In the single-phase regulator the maximum 
boost or lower is equal to the capacity of the regulator 
in watts, divided by the secondary current. In the 
two-phase it would be one-half of that amount 
and in the three-phase type the boost or lower across 
the lines is equal to the regulator capacity in watts 
multiplied by .58 and divided by the secondary cur- 
rent 

The type of foundation depends upon the type of 
regulator to be installed. If it is an air cooled, it 
should be placed like a transformer over an air cham- 
ber that is perfectly air tight, so that all the air will 
be forced through the regulator. If a water cooled 
type, it is good practice to have it raised a little above 
the floor, so that the oil can be easily 
drawn off, if it ever becomes necessary, 
but in any type the supporting founda- 
tion should be very solid and well able 
to withstand the weight of the regula- 
LOL: 

It should be the operator’s duty to 
keep the different parts of the regula- 
tor that require it well oiled, such as 
the top bearing of the regulator shaft, 
bottom bearing of regulator shaft, 
worm gear, segment and worm, motor 
and motor shaft bearings on the exten- 
sion arm, motor worm gear and worm, 
shaft bearing supporting the hand 
wheel. 
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Special. 

To cut the polyphase regulator out 
of service it is necessary to open the 
feeder circuit and disconnect the sec- 
ondaries, but the single-phase regula- 
tor may be cut out Onjsesvieamoy 
placing the rotor on the no-boost and 
no-buck or neutral position and then, 
by using a jumper, the main series line 
may be short-circuited across the regulator and the 
shunt circuit opened without any danger. If the 
operator has never done this it is better that he should 
open the circuit by means of the main switch and 
then disconnect the regulator. 

A caution is always given with all regulators to never 
connect disconnecting switches in the primary side 
of the circuit, because if current was flowing in the 
secondary and switches were opened, the high voltage 
induced in the winding would probably damage the in- 
sulation of the regulator. For this same reason a 
standard rule is: Never use fuses in the primary cir- 
cuit. The effect of opening the primary circuit when 
there is current flowing in the secondary is the same 
as opening the main field switch of a synchronous 
motor that might be starting from a compensator. 
The voltage induced into the field windings is very 
high and any opening or closing of switches at that 
time is always liable to cause serious damage to the 
machine, as well as to severely burn the operator doing 
the switching. 

All operators when entering upon their first duties 
should keep in mind the several different complica- 
tions that may arise by throwing switches at the wrong 
time. A few switching operations that should never 
be made are classified as: 
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1. Opening or closing switches on synchronous 
‘motor fields when starting from compensators. 

2. Opening an induction primary circuit with cur- 
rent flowing in secondary circuit. 

3. Opening secondary of current transformers. 

4. Opening field circuit of direct-current generators 
when excited by main circuit, unless opened through 
resistance. 

5. Opening field circuit of direct-current motors 
when running. 


Voltage Compensators. 


In large central stations it is most desirable to be 
able to know what the voltage is at the center of dis- 
tribution. In order to accomplish this the voltage 
compensator has been devised, which, when once ad- 
justed, will compensate for the line ohmic and induc- 
tive drop. The voltmeter will then register the exact 
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Fig. 42—Diagram of Connections for a Hand Operated Step-by- 
Step Feeder Voltage Regulator. 


voltage that is being maintained at the point of distri- 
bution at any load. 

The compensator consists of three parts—a current 
transformer, a variable resistance and a variable react- 
ance. The secondary of the transformer is connected 
in series with the resistance and reactance, and the 
primary is connected to the secondary of an external 
current transformer. Both the resistance and react- 
ance coils are wound so that any portion of the coils 
can be cut in with the voltmeter circuit by means of 
two small dial switches, which give combined varia- 
tion of about 15 to 20 volts. The connections of the 
voltmeter, as used with the compensator, are shown 
in Fig. 40. The voltmeter, instead of being connected 
directly across the terminals of the shunt transformer, 
is connected in series with a portion of the resistance 
and reactance of the compensator, and the combined 
drop across these is made equal to that of the line, so 
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that the voltmeter indicates the voltage at the dis- 
tributing point, instead of at the station. 

If the amount of resistance and reactance is properly 
adjusted, the local circuit through the voltmeter will 
exactly correspond to that of the external circuit to 
which the compensator is connected and any change 
in the main circuit current or voltage will produce a 
like change in the local circuit. The adjustments 
must be made by means of the small dial switches 
X and R, which are set to a position that has a corre- 
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Fig. 43—Wiring Diagram for 
Regulator Connected to Compensate for 


a Three-Phase Feeder 
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Line 
sponding value to the ohmic and inductive drop of the 
feeder to which the compensator is connected. If this 
cannot be figured accurately, a good way of making 
the initial setting of the compensator is to have one 
person go to the point of distribution with a voltmeter 
and take readings at full load and have the station 
operator set the station voltmeter to a like reading by 
means of the dial switch. 

Thus far what has been said about the compensator 
has had reference to single-phase circuits, but the 
compensator can be arranged to compensate the volt- 
age for a two or three-phase circuit by using two 
current transformers in the main lines and connecting 
the secondaries in parallel with the primaries of the 
compensating current transformer. A connection of 
this kind, as used on a three-phase circuit, is shown in 
Fig. 43. 


Increase in Lifting Capacities of Magnets. 


Since the feat of salvaging the boat load of barbed 
wire and nails from the muddy bed of the Mississippi 
River accomplished by Cutler-Hammer magnets in 
1907, no important change has occurred in lifting mag- 
net design. The Cutler-Hammer Clutch Co., of Muil- 
waukee, is now, however, announcing a new series of 
magnets of the same rugged and watertight construc- 
tion, but having lifting capacities ranging from 20 
to 50 per cent greater than before. These increases 
have been made possible by the perfection of new 
insulation for the magnet windings. The lifting ca- 
pacity, for instance, of the 62-inch magnet as given 
up to the present was about 2,600 to 3,000 Ib., but for 
the new “High Duty” magnets, is increased to 4,000 
and over. 


i) 


x NH 


Wha 


HUNVIUUUUURUTGITAUUUU 


{VNUMUUTLAIE AI 


a 


Article No. 


. Rotary Converters 


Conditions are often encountered where it is desir- 
able to transmit alternating current a considerable 
distance and then distribute direct current for the 
operation of motors, lighting, ete. Where such condi- 
tions prevail it might be assumed that the best ar- 
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Schematic Diagram of Connections for a Single-Phase 
Rotary. 
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rangement would be to operate a direct current gen- 
erator by an alternating current motor. While this 
arrangement is sometimes used there is another meth- 
od available which is more efficient and combines in 
a single unit of smaller size and cost a means of con- 
verting alternating into direct current. Such a ma- 
chine is called a rotary converter and since its use is 
very extensive, some of its underlying principles will 
be discussed in this article. 

In the earlier articles of this series an explanation 
was made, by means of diagrams and descriptions, of 
the difference between alternating and direct current 
generators of the simpler forms. It was pointed out 
that the current flowing in a generating coil of either 
an alternating or direct current generator was similar 
in character and that in the direct current generator 
the alternating direction of the current was changed 
to a flow in one direction by the use of a commutator. 
Briefly stated, the rotary converter is a direct current 
generator, in which taps are led out to collector rings 
from certain generating coils. The collector rings are 
usually placed on the opposite end of the armature 
shaft from the commutator, and the number required 
varies with the character of alternating current used. 

The connection details for single-phase, two-phase, 
three-phase and six-phase rotary converters are shown 
in Figs. 1 to 4, inclusive. A perusal of the diagrams 
will show that the armature is tapped at two points 
and that leads are brought out to two collector rings 
for a single-phase rotary, a two-phase rotary is tapped 
at four points, with leads brought out to four collector 
rings, a six-phase rotary is tapped at six points and 
connections brought out to six collector rings, and 
for a three-phase rotary, which is the most commonly 
used, the armature is tapped at three points and leads 
are brought out to three collector rings. 


*Consulting Engineer, Chicago, Il. 
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It will be noted that there is a definite relation be- 
tween the alternating and direct current voltages. To 
obtain this relative it will be evident that it is always 
necessary to install transformers to be used in con- 
nection with rotary converters. With a three-phase 
rotary the alternating current voltage is 61 per cent of 
the desired current voltage, while for single, two or six- 
phase rotaries, the alternating current voltage is 71 per 
cent of the direct current voltage. 

In studying the diagrams it will be apparent to the 
reader why single, two and three-phase converters are 
used. The reason for using a six-phase converter, 
however, may not be so clear and it might be advis- 
able to explain why it is sometimes preferred. 

The following table, taken from the “Standard Hand- 
book for Electrical Engineers,” page 646, shows that 
with a reversed number of phases the armature losses 
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Fig. 2. Schematic Diagram of Connections for a Two-Phase Rotary. 


in a six-phase rotary converter are much less than in 
a single-phase machine of the same type. 


Relative armature loss in complete winding. 
‘pak Pare P. FB. Pak 


No. of F : aE 
Collector 100 98.5 94 86.6 76.6 
Rings Jo % % Jo %o 
2 1.451 12522 1.734 2.160 2.940 

3 0.587 0.627 0.733 1.005 1.468 

- 0.391 0.426 0.532 0.746 LAS 7, 

6 0.274 0.304 0.400 0.589 0.935 

12 0.209 0.236 0.326 0.500 0.824 


This table also shows the desirability of operating 
rotary converters on lines whose operating power: fac- 
tors approach 100 per cent. 

There are some very important characteristics of 
the rotary converters which should be understood by 
the reader. These include the action which takes 
place in the armature of the rotary during the process 
of converting alternating into direct current, and the 
control of voltage. Perhaps the most important dif- 
ference between the rotary converter and the motor 
generator set is the fact that the former does not 
have the possible current and voltage regulation or 
control possessed by the latter. The diagram of con- 
nections for a single-phase rotary represents an arma- 
ture in which connections are made to two of the gen- 
erating coils diametrically opposite, leads being 
brought out from these connections to two collector 
rings. With such an arrangement it is evident that 
when the armature is operated in a properly excited 
field an alternating voltage will be produced at the 
rings. This is true because the two halves of the 
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ring are in parallel and, when they revolve, are filled 
' with lines of force which alternates in direction. If 
the rings are connected together by an outside circuit 
an alternating voltage will be induced. It is apparent 
that the operation of the machine as a direct current 
generator is not affected. The frequency of the alter- 
nating current would depend on the speed of the 
machine and the number of poles. With a single- 
phase, two-pole machine, the cycles per minute would 
be equal to the number of revolutions. 

The alternating voltage obtained depends on the 
speed of the armature and the strength of the field. 
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Fig. 3. Schematic Diagram of Connections for a Six-Phase Rotary. 


As the speed increases with a decrease in field strength 
and vice versa, the same as a direct current motor, 
the alternating current voltage obtained from the 
rings can not depend on the field strength entirely. 

If the machine was connected to an alternating cur- 
rent circuit which had the same frequency and voltage 
it could be made to deliver power to the outside cir- 
cuit. Then if the direct current supply was removed 
the machine would continue to run as a synchronous 
motor and current would flow in the armature coils 
in such a direction as to produce rotation under the 
influence of the magnetic field. Considering any one 
conductor of the armature as receiving current in such 
a way as to cause it to rotate in the proper direction, 
synchronous rotation will cause the coil to move 
through the field, so that when the current reverses 
it will be in its correct location under the next pole. 
This is equivalent to a direct current winding revolv- 
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ing in an excited field and a commutator is provided, 
the machine is capable of producing direct current. 
The same reasoning will apply if the correct number 
of collector rings are used. 

The alternating current voltage at the collector rings 
of a rotary converter always bears a fixed ratio to the 
direct current voltage at the commutator. Varying 
the field strength has no appreciable effect on the 
voltage. The reason for this is that the ratios of 
alternating and direct current voltages of a rotary 
converter are so fixed that it will continue to operate 
when once started—receiving power from an alternat- 
ing current source and delivering direct current, with- 
out any field. 

Rotary converters are provided with field coils in 
all cases, however, as through their use it is possible to 
produce a regulation of voltage in the direct current 
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end. This effect is produced by varying the strength 
of the fields, which is only possible under certain con- 
ditions in the alternating current circuit, and not due 
to the strength of the field itself. To vary the voltage, 
reactance coils are placed in the alternating current 
supply circuit. An increase of field strength causes 
a leading current in a rotary converter, which com- 
pensates for the lagging effect of the reactance coils, 
and thus eliminates a certain amount of the inductive 
voltage drop. Under such conditions the alternating 
voltage at the collector rings rises and causes a cor- 
responding increase in the direct current voltage. 

When the alternating current circuit to a rotary 
converter is equipped with proper reactance coils, the 
machine may be compounded and will operate like a 
compound would direct current generator. 


Hydraulic Analogy. 


The hydraulic analogy used in the earlier articles of 
this series to assist in explaining the action of direct 
and alternating current generators may be of some 
value to the reader in his study of this subject. 

The action of a rotary converter is shown by a 
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Hydraulic Analogy of a Rotary Converter. 


hydraulic analogy in Fig. 5. The figure is the same 
as that shown in the February, 1915, issue of the 
Railway Electrical Engineer, to illustrate the action of a 
direct current generator, except for the addition of one 
pipe leading to an external source from each end of the 
cylinder. 

When a fluid under a reversing or alternating pres- 
sure is brought into the cylinder through pipes E and 
F the pressure of the fluid after it reaches the cylinder 
will be changed from the alternating to direct. In 
one direction when fluid flows in at & the piston will 
be forced from left to right, valves B and D will close 
and the fluid in front of the piston will flow through 
pipe G in the direction indicated by the arrow. When 
the end of the stroke is reached and movement of the 
piston started in the opposite direction by the pressure 
of the fluid entering pipe F, valves A and C will close 
and the movement of the fluid in pipe G will be the 
same as before. By a repetition of this process the 
alternating pressure of the fluid, flowing into the 
cylinder, will be changed so as to flow in one direc- 
tion. In this illustration the piston does little more 
than open and close the valves A, B, C and D and the 
capacity of the cylinder is supposed to be very small 
compared with the total amount of fluid flowing. 
Similar conditions exist in a rotary converter, the 
alternating current from an outside source flowing 
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through the armature is changed, by the commutator, 
into direct current. It must be noted that the piston 
must move back and forth in step or synchronism 
with the alternating current reversals. In the rotary 
converter the armature runs in synchronism with the 
alternating current supply. 

To reverse the conditions of operation as outlined 
above, if direct current is admitted to the cylinder by 
the proper valves, alternating current will be deliv- 
ered through the pipes E and F. The same results may 
be obtained from a _ rotary conveter which can 
be operated from a direct current supply to produce 
alternating current. 

It will be evident that if the outlet valves are par- 
tially closed there may be considerable mechanical 


| 


MIVA 


i 


il 


= 


Lesson No. | 
Consolidated Type “LL”? Equipe 
ment 


Replacement of Parts 
Pole Changer Switch 


If the contacts of the pole changer switch become 
burned the clips should be changed, but be extremely 
careful to keep the clips properly lined up so that they 
will make good contacts at all points on the blades 
and prevent future reoccurrence of the trouble. 


Generator Fields 


Fig. 245 shows the generator field frame from the 
commutator end with the brush holder housing re- 
moved. All leads come out of the field coils at the 
commutator end and connections are made at this 
point. It will be noted that the field coils are let- 
tered a,b, c, d, as shown in Fig. 245, so that when 
applied and connected up, they will produce correct 
polarity. The field coils are provided with a stamped 
brass number and letter, the number indicating the 
voltage and the letter indicating the field position as 
shown in Fig. 245. 

The field coil is held in place by the pole shoe, so 
in order to change a field coil it is first necessary to 
remove the pole shoe. This is done by removing the 
two bolts passing through the generator frame. In 
replacing the shoe the head of the cap screw should 
be forced into the groove on the yoke with a cape 
chisel in order to securely: lock it. 


Auto Switch 


If trouble develops in an auto switch the whole 
switch should be removed from the panel and a new 
switch applied. This can be done by simply discon- 
necting the switch leads and removing the two nuts 
of the frame bolts. 
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work performed on the piston in moving it back and 
forth. This pressure transmitted through the piston 
rod, crosshead, connecting rod and crank, to a shaft 
is capable of performing outside mechanical work. 
This being the case it may be stated that a rotary con- 
verter fitted with the necessary devices may be used 
for the following purposes. 

As a synchronous motor to perform mechanical 
work; 

As a rotary converter without performing mechan- 
ical work; 

As a combination rotary converter and electric mo- 
tor; and 

As a rotary converter, converting alternating cur- 
rent into direct current, or vice versa. 
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The replacing of a carbon or copper brush has been 
covered under “Setting the Automatic Switch.” 


The Generator Regulator 


The regulator complete can be easily removed from 
the front of the panel by simply opening all the coil 
connections and removing the two nuts at the right 
and one nut at the left side of the regulator. The 
bolts remain on the board. 

In case, however, it becomes necessary to remove 
either the potential or the series coil of the regulator 
proceed as follows: Unhook the flat spring,- A, Fig. 
242, and remove the pin which passes through the 
stem of the solenoid plunger. Be very careful not 
to damage the rocking contact; it will be safer to 
leave it in its position on top of the commutator. 

Next remove the dash pot by removing the two 
cap screws which hold it at the bottom. This allows 
the dash pot, piston and plunger of the solenoid to be 
removed. Don’t remove the piston from the dash pot, 
for both the piston and dash pot are made of graphite 
and might easily get injured. Don’t allow any dirt 
to get into the dash pot, for this will cause it to stick 
and give trouble in service. These dash pots are not 
interchangeable; a new piston requires a new dash pot 
and vice versa. The potential coil, which is located 
inside of the series coil, can be removed by first re- 
moving the magnetic stop at the top of the coil with 
its clamping screw, and the series coil can be removed 
by loosening the clamping screws at the top and bot- 
tom of the coil frame. 

In reassembling, set in the series coil first, but don’t 
tighten the connecting nuts. Insert the potential coil 
into the series coil from the bottom, but be careful 
not to scrape the winding against the edge of the brass 
tubing on which the series coil is wound, as this is 
liable to break the fine wire of the potential coil. 
Then insert the bottom binding screw in front of the 
potential coil, but don’t tighten. Then replace the 
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magnetic stop at the bottom of the coil and clamp 
with the screw. 

The dash pot, piston and plunger complete should 
then be inserted from below, but be sure to have the 
bi-pass screw of the dash pot at the front. Tighten 
the dash pot by means of the supporting screws at 
each side evenly until tight. This allows the potential 
coil to rest on top of the dash pot and lines it up prop- 
erly. The screws at the front and top can then be 
tightened so as to hold the potential and the series 
coils solid. After reconnecting the leads properly and 


Fig. 246. 
Main Spring, Which Bears Against the Cam 
It and Mounted on the Frame ‘B’’; ‘‘C,’’ Movable Carbon Brush, 


Detail View of the Automatic Switch. ‘A,’ Flat 


Immediately Above 


Which Makes Contact on the Carbon ‘‘D”; “E,’’ Copper Gauze, 
Which Carries the Current and Protects Steel Spring Supporting 
Carbon “D”; “‘F,’’ Laminated Copper Main Brush. 


inserting the pin connecting the rocker to the plunger 
stem, the rocker is ready to operate. 


The Rocking Contact Shoe 


In case it becomes necessary to replace one or both 
of the laminated brushes of rocking contact, remove en- 
tire contact shoe, being careful to hold the solenoid 
plunger from dropping by re-inserting pin; after clean- 
ing commutator apply contact shoe. Replacing contacts 
to shoes should be done at the bench. Removal of the 
two nuts holding the wedge-shaped retainer permits the 
laminations to be taken off. Their replacement is a 
simple matter, but care should be taken to tighten all 
nuts and screws. The commutator rarely gives any 
trouble whatever, but if this should occur the entire 
rheostat should be replaced and the damaged part sent 
back to the factory for repair. In replacing contacts 
always retain the same arm on the regulator; change 
the laminated contacts only. 


Lamp Regulator 


The lamp regulator may be taken apart in a man- 
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ner very similar to that of the field regulator, as its 
construction, except for size and form, is very similar. 


Operation of the Ampere-Hour Meter 


The ampere-hour meter records both charge and 
discharge of the battery, the main dial hand revolving 
in a clock-wise direction on discharge and the reverse 
direction on charge. The variable resistor feature of 
the meter automatically provides 25 per cent. over- 
charge and when the large dial hand gets back to zero 
it indicates that the battery is in a fully charged con- 
dition and closes a contact at the zero point, which 
short circuits the resistance unit Rl. This allows the 
overcharge switch to operate and the equipment then 
floats at 36 volts. It will be noted, however, ‘that 
unless the battery voltage is up to a predetermined 
point, usually 40 volts, the overcharge switch cannot 
operate and the battery will continue to charge. In 
this way the combination of the switch adjustment 
with the ampere-hour meter compensates for irregu- 
larities in ampere-hour efficiency of the battery and 
keeps the meter “in step” with the state of charge. At 
the same time the generator output always varies in 
accordance with the number of lamps turned on. 

In case of open battery circuit, the overcharge switch 
will operate at 50 volts, even though the ampere-hour 
meter does not indicate full charge. The system will 
then operate with constant potential control of the 


Fig. 247. Showing Detail Parts of the Generator Regulator. 
“A,” Main Spring, Which Bears Against Cam “B"”; ‘“C,’? Adjusting 
Cap Screw; “‘D,’? Lock Nut; ‘‘E,’’ Rocking Contact. 


potential coil, and operate so long as the generator 
is up to speed, even though the battery be discon- 
nected entirely. 

It will be noted that there is a differential coil added 
to the overcharged switch, this being indicated across 
the lamp circuit, so that so long as any lamps are 
lighted, even though the meter indicates full state 
of charge, the overcharge switch cannot be closed and 
discontinue charging. In other words, practical ex- 
perience seems to show that some of the destructive 
overcharging has occurred during the daylight runs 
and the Consolidated Company has considered that 
an overcharge at night would be another precaution 
in ensuring that the storage battery be kept up to the 


276 


full state of charge and exactly in step with the meter. 

With this differential coil operating at night, and 
with an occasional open battery the overcharged 
switch will operate at 57 volts instead of at 50 volts 
in the daytime. 


Maintenance of the Lamp Regulator 


It will be noted that grease is applied to the con- 
tacts of the lamp regulator and this has a two-fold 
purpose. It prevents dust and dirt from getting on 
the metallic surface of the commutator and at the 
same time it prevents the oxidization of the metallic 
surfaces. Inasmuch as the grease completely excludes 
the air from the metallic surfaces, no oxidization can 
take place, so that even though there may be a slight 


Fig. 248. 


“A,’’ Main Spring, Which Bears Against Cam “B”; 
“C,’"’ Adjusting Cap Screw; ‘‘D,’’ Lock Nut; ‘‘E,’’ Laminated Cop- 
per Rocking Contact; ‘‘F,’’ Saddle Connecting the Stem with Main 
Spring. 

arcing, the metallic surfaces will remain bright so 
that the brush will always make good contact on the 
commutator. Contrary to what might be supposed, 
this grease is not intended in any way as a lubricant, 
but merely as a protection; therefore, there must be 
sufficient grease to form a layer of at least 1 in. over 
the surface of the commutator, and this must be suf- 
ficiently plastic to flow together as the contact rocks 
and yet at the same time must not be so soft as to 
run off the commutator. 

The standard ball bearing grease only should be 
used for this purpose. This should be replaced about 
once in six months; in fact, when the ball bearings 
of the generator are cleaned and regreased the com- 
mutator of the lamp regulator should also be cleaned 
and regreased. 


Adjustment of the Lamp Regulator 


It will be noted that the flat spring A comes to a 
“no tension” position every time the solenoid plunger 
drops sufficiently to permit lever to rest on the frame. 
It is a well-known principle in springs that if a spring 
is allowed to come to rest occasionally it will retain 
its original characteristics longer than a spring which 
is continually under tension or compression. There- 
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fore, the spring of this regulator should not get out 
of adjustment due to spring fatigue, which ordinarily 
happens. 

In case the flat spring A is accidentally injured 
or lost, a new spring should be secured from the 
Consolidated Company. 

Never try to make up a copper, bronze or a brass 
spring, for this would not have the same spring char- 
acteristics for which the regulator is designed, and 
would not operate satisfactorily. 
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Fig. 249. Diagram of Connections of the Type ‘‘L’’ Consolidated 
Equipment, Showing the Relative Positions of Parts. 


In case the regulator is out of adjustment but the 
spring apparently is in no way injured, the adjust- 
ment can be corrected by loosening the lock nut B 
(Fig. 248), and turning the thumbscrew C on the 
threaded stud in the link between the flat balancing 
spring and the stem of the plunger. Lowering the 
screw one turn lowers the voltage one volt. This 
weakens the pressure on the spring so that a lower 
voltage will rock the contact shoe to the same degree 
as formerly. If it is necessary to raise the regulator 
setting, turn the stud to the right, one turn rise of 
the thumbscrew being equivalent to one volt rise. 
After making the adjustment always securely tighten 
the lock nut. 


Setting the Automatic Switch 


This automatic switch should be set to close at 35 
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volts. In case it gets out of adjustment, however, it 
is a simple matter to remove the entire automatic 
switch and replace it with a spare switch. This can 
be done by simply loosening the coil connections and 
unscrewing the two nuts which hold the frame to the 
handle. Never adjust an automatic switch on the 
road. 

It will be noticed that this automatic switch has a 
flat spring A, which bears against a curved cam surface 
very much the same as does the field or lamp regu- 
lator spring. This provides that the automatic switch 
will rise slowly as the generator voltage builds up. In 
opening, the switch also moves gradually, breaking the 
copper contact of the switch about as soon as the 
battery current begins to flow in a reverse direction 
to the generator so that there is very little, if any, 
arcing on the copper brushes. In closing the switch, 
the current first passes through the carbon contacts, 
and it will be noticed that a strip of copper gauze 
carries the main current as it leaves the spring sup- 
ported top carbon contact and, thus protects the spring 
supporting the upper carbon from heating and losing 
its temper. 

In case the auto switch gets out of adjustment, this 
may be due to either improper position of the copper 
or carbon brushes or to the main spring A, Fig. 246, 
having been bent. 

In order to adjust the switch, pull the main fuse 
so that the switch can be closed by hand without 
danger of short circuiting the battery through the dead 
armature of the generator. Then set the copper brush 
so that it makes a good working contact, and so that 
thes sheel™ of the brush touches solid. The car- 
bon should then be adjusted by hand so that they 
come together parallel, and so that there is a space 
of three-sixty-fourths of an inch between the copper 
brush contacts when the carbons first touch. 
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January Meeting New York Car 
Lighting Association 

H. D. Rohman, chief electrical engineer of the 
Franklin Railway Supply Company, addressed the 
club on the subject of the “Stone” axle lighting sys- 
tem. Mr. Rohman stated that although various parts 
had been changed somewhat, the equipment to-day 
operates on identically the same principles as it did 
twenty-four years ago, when first installed. Mr. Roh- 
man called attention to the fact that although all of 
the many types of axle lighting systems may seem to 
be somewhat similar in that they all have a generator 
and a storage battery, there is a vast difference in 
the principles of controlling the operation of the gen- 
erator in compensating for the varying train speeds. 

He stated, however, that all of the axle generator 
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In case the switch is found to close improperly after 
the main spring has been replaced, the trouble is evi- 
dently either in the lifting coil or the main spring. 
If the main spring has been seriously injured, it should 
be replaced with a new one obtained from the manu- 
facturer. Never use a piece of ordinary steel, bronze 
or brass, as this will probably not have the same 
spring characteristics as the original spring and will 
not work satisfactorily. 

Adjustment of Battery Charge 

In order to vary the amount of charging current 
given the battery it is simply necessary to shift the 
jumper wire at the upper left-hand corner of the 
panel as shown in Fig. 249, Moving this jumper up 
to a higher contact short circuits segments of the re- 
sistance in series with the potential coil of the gen- 
erator regulator solenoid. This allows an increase in 
current flowing through the potential coil and the 
ampere turns generated by this increased flow of cur- 
rent replaces ampere turns of a similar amount in the 
series coil. This means that the current flowing through 
the series coil will then be reduced. The contact bars 
are labelled 40, 50, 60, 70, 80, indicating amperes bat- 
tery charge. They, however, are approximate and vary 
with the voltage of the generator. 

If, after throwing on all lamp and fan circuits, it is 
found that the total load exceeds the total capacity 
of the generator, the total generator output may be 
reduced by shifting the contact to the shunt of the 
generator regulator located at the top of the panel. 

With the lamp regulator lead connecting at the “all” 
point, the generator picks up all of the lamp load with- 
out varying the battery current. With the lead-con- 
nected to the “2/3” point, it picks up two-thirds of the 
lamp load; connected to the “1/3” position it picks up 
one-third of the lamp load, meanwhile the battery cur- 
rent decreasing by two-thirds of the lamp load. 
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systems may be divided into two classes, (1) variable 
speed systems and (2) constant speed systems. The 
variable speed systems include practically all of the 
other types of axle generator equipments and in these 
the belt tension is raised to a high initial value so 
as to provide that there will be no slipping whatso- 
ever. The armature speed will then vary directly 
with the speed of the train. With the constant speed 
equipment, such as the “Stone” system, the belt is 
allowed to slip after the train speed exceeds a certain 
value, usually about twenty miles per hour, so that 
even though the train speed be two or three times 
this value the running speed of the armature will not 
be above normal, equivalent to the twenty miles per 
hour operation. 

Mr. Rohman pointed out that in designing a car 
lighting equipment it is of utmost importance that 
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the designer bear in mind the characteristics of sec- 
ondary batteries, and this has been the starting point 
in the design of the Stone equipment. The generator 
should be so designed that it will re-charge the bat- 
tery in the shortest period, and: yet at such a rate 
it will not be injurious to the battery, and in order to 
keep down the temperature of the cells it is imperative 
to provide for a charging current, which decreases as 
the battery nears the fully charged state. With the 
Stone equipment the natural taper charge is augment- 
ed by the peculiar electrical connections of the two 
halves of the batteries relative to the generator and 
by the method of lamp regulation. 

The maximum generator speed is approximately 
800 r.p.m. and the pressure of the generator pulley 
upon the belt is caused by the generator being hung 
approximately two inches out of plumb. At the higher 
train speeds the generator tends to develop a higher 
voltage and to cause a higher battery charging cur- 
rent to flow. Such an increase in generated power, 
however, necessarily requires more power from the 
belt, which it cannot furnish in this case, because, 
above a certain belt pull, the generator will be drawn 
a little farther out of plumb, causing the belt to slip. 

The output of the machine is adjusted by tightening 
the belt and pulling the generator farther out of plumb. 
Mr. Rohman described an ingenious device for esti- 
mating the maximum output of the machine. This 
device consists simply of a spirit level mounted on 
top of the generator. The bubble of this level moves 
along a scale, graduated in amperes, as the machine 
is swung toward the driving pulley by increasing the 
belt pull. 

Mr. Rohman gave a full description of the equip- 
ment, but as this will be completely described in the 
next issue of the Railway Electrical Engineer under 
the A B C Car Lighting Section, we will not go into 
details at this time. 

Mr. Rohman, however, pointed out the excellent 
regulation of lamp voltage which is obtained by divid- 
ing the battery into two units. One battery acts asa 
lamp voltage stabilizer, while the other battery is being 
charged by the generator. When the car is at rest, 
at the station, the lamp current is taken from both 
batteries in parallel, but when the train gets up to 
speed, after leaving this stop, the freshly charged bat- 
tery acts as a stabilizer and its mate is given a charge. 

Questions 
Effect of Open Battery Circuit. 

A. J. Pettyman asked what would result from an 
open-circuit in the battery which was being charged. 
Mr. Rohman stated that there would, of course, be a 
rise in. voltage, but this would not be appreciable 
because the stabilizing battery would then receive a 
charge and protect the lamps from excessive current. 
Moreover, since the generator operates on the special 
principle of constant watts output instead of constant 
current output, an increase in generator voltage will 
mean a decrease in generator current. The inherent 
regulation of the system would also materially assist 
in such a case of trouble. 


Changing from Lead to Edison Batteries. 


In reply to a question as to what was necessary in 
changing from lead batteries to the Edison batteries, 
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Mr. Rohman stated that this would simply require a 
shghtly higher constant resistance between the stabi- 
lizing and charging battery. 


Belt Tension. 


In reply to a question as to what belt tension is 
required, Mr. Rohman stated that this should be only 
enough to pull the generator out of plumb to such 
an angle as would cause the bubble of the spirit level 
to indicate at the proper point on the ampere scale. 


Effect of Sulphated Battery. 


In reply to a question as to how the “Stone” system 
will take care of a sulphated battery, Mr. Rohman 
stated that this will be done properly, inasmuch as 
the battery will be given a sufficient charge, even 
though it may require an abnormally high voltage to 
break down the sulphate. He pointed out, however, 
that at this high voltage the charging current will 
be automatically reduced, which is desirable in case 
of a sulphated battery. 


Arc of Belt Contact. 


In reply to a question as to what the are of belt 
contact on the generator pulley was, Mr. Rohman 
stated that this would be approximately 170 degrees, 
inasmuch as a 17-in. axle pulley and a 5%-in, armature 
pulley is used with about 5 ft. spacing between the 
centers. 

Life of Armature Pulley. 


In reply to a question as to what life can be obtained 
from armature pulleys, Mr. Rohman answered that 
with a steel stitched cotton belt an average of approxi- 
mately two years’ service is obtained from a genera- 
tor pulley. 

Removal of the teaver 


In reply to this question, Mr. Rohman stated that 
by removing four tap screws, the entire armature with 
both ball bearings can be drawn out and a spare arma- 
ture, with bearings and head, applied in a very short 
time, usually about one minute. He stated that the 
armature, with its housing and bearings, weighed ap- 
proximately 80 lb. 


Rule of Setting Generator Output. 


In reply to this question, Mr. Rohman stated that 
they had made it a practice generally to set the output 
of the generator equal to the average load, lamp cur- 
rent plus one-third, but should be accurately deter- 

mined by specific gravity reading. 


Pulley Flanges. 


Mr. Rohman stated that the armature pulley was 
5% in. wide and the axle pulley had a 10-in. face and 
both are supplied with 2-in. beveled flanges. The 
tapering of this flange being approximately 20 deg. 
from perpendicular, practical experience having proved 
that this is the most advantageous taper of the flange. 


Voltage Control With Single Battery. 


D. J. Cartwright, electrical engineer of the Lehigh 
Valley, asked what kind of regulation would be ob- 
tained with a single battery equipment on a car having 
two or more lamp circuits. Mr. Rohman stated that 
this should be satisfactory, provided that a proper lamp 
resistance was inserted in each individual lamp circuit. 
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A Safety First Fire Alarm System 


The following is a description of the fire alarm system 
which has been in operation at the shops of the Cincin- 
nati, Hamilton & Dayton, at Lima, Ohio, for the past 
four years without a single failure. During this time it 
has been used nine times for actual fires and 206 times 
in fire drills. This system has been styled a “Safety 
First” system for the reason that only negative wires 
are used at the alarm boxes. As indicated in the ac- 
companying sketch, the positive current is tapped from 
the power plant switchboard, and the nearest negative 
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Wiring Diagram for Safety First Fire Alarm System. 


service lines at the alarm boxes are used to complete the 
circuit. Each alarm box is provided with a light, which 
is lighted at night, and a two-pole switch, the closing of 
which performs three functions. It rings an 8-in. 2,000- 
ohm gong in the power house, blows a whistle in the 
boiler room, and operates a lamp annunciator in the hose- 
house, showing the number of the alarm box from which 
the alarm was rung in. The engineer or fireman, who- 
ever is nearest the shop whistle as soon as the alarm 
is sounded, sounds the whistle giving the signal for fire 
call. The men in the plant who are appointed to act 
as firemen, rush to the hose-house, ascertain from the 
annunciator the station from which the alarm was 
sounded, and pull the wheel cart, which contains 1,000 
ft. of hose, to the water plug nearest that station. 
Recently a test was made by the master mechanic to 
ascertain the time taken to respond to the alarm. It 
was found that 22 seconds after the close of the alarm 
switch the shop whistle sounded the fire alarm, and 2 
min. 20 sec. after the close of the alarm switch a stream 
of water 40 ft. high was running from 150 ft. of hose. 
The firemen in this case had to run approximately 300 
ft. to the hose-house and pull the hose cart to a water 
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plug 100 ft. from the hose-house. This performance 
was believed to be highly satisfactory, especially in view 
of the fact that the men were not forewarned before the 
alarm was turned in. 

It will be noted that three leads are taken from the 
positive line at the switchboard, those making the con- 
nections with the bell and the solenoid which operates 
the boiler room whistle, being closed at all times, and 
the third, which closes the circuit to the night lamps at 
the alarm boxes being closed only at night. The sole- 
noid and bell circuits being in parallel are operated from 
the same pole of the two-pole switch in the alarm box. 
The current used is 220 volts d. c., with 5 amphere snap 
switches in the alarm boxes, and 15 ampere switches in 
the power house. This system has the recommendation 
of the electrical and insurance inspectors. 


J. O. Burris 
Blectricianv€. Hi. Sa Rye tein, Ohio: 


Lamp Grips on Bryant Sockets. 


Considerable trouble and inconvenience has been 
experienced in the use of lamps in sockets when in- 
stalled where subject to vibration. This is particu- 
larly true in factories using high candle-power lamps 
where heavy machinery is operated, and on steam and 
electric cars, steamboats, etc. Constant jarring and 
vibration cause lamps to unscrew or “back off” from 
the base contact so that the circuit is broken and often 
the lamp falls. 

To overcome this difficulty, The Bryant Electric 
Company has developed a very effective “lamp grip.” 
In this new form of socket, the threaded copper por- 
tion which receives the lamp is slotted on two diamet- 
rically opposite sides in such a manner as to provide 
two tongues which are flexible. Two flat steel springs 
are mounted in the porcelain base 7 
with the free ends so arranged as 
to bear on the outside of these cop- 
per tongues. This will be clearly 
understood from the illustration. 
Thus, without any external adjust- 
ment, or any other labor than the 
insertion of the lamp, sufficient 
tension is brought to bear upon the 
lamp base to prevent vibration 
from causing the contact to break 
even under the most severe con- 
ditions, such as those usually found 
in shops with line shafting. 

This lamp grip feature can be supplied at a slight 
additional charge, in connection with practically all 
sockets of both the medium and mogul type manufac- 
tured by the above company. 
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Henry Lee, secretary and treasurer of the Simmons- 
Boardman Publishing Company, publishers of the Rail- 
way Electrical Engineer, has been elected a vice-presi- 
dent. Mr. Lee has spent his entire business career 
with the Railway Age Gazette and The Railway Age. 
He was born at Hamlet, Ill., on May 25, 1884, and was 
educated in the common schools at Hamlet, and the 
high school at Aledo, Ill. In 1905 he graduated from 
a business college in Chicago and on June 6 of that 
year joined the staff of The Railway Age as assistant 
to the business manager. In December, 1906, he was 


assigned to the news staff and in September of the 
following year became an associate editor and was 
transferred to New York. On the consolidation of 
the Railroad Gazette and The Railway Age as the 
Railway Age Gazette in June, 1908, he was transferred 
back to Chicago. In April, 1909, however, he returned 
to New York, was put in the business department and 
placed in charge of the advertising make-up desk. 
About November, 1909, he was given charge of writ- 
ing advertising copy and thus founded the copy-service 
department of the publication. He was shortly after- 
wards made one of the paper’s representatives in the 
trade, and in March, 1910, was made secretary. In 
February, 1911, he was also elected treasurer, becom- 
ing in June, 1912, a director. Mr. Lee has also taken 
an active part in the publishers’ organizations devoted 
to-technical and trade papers. In 1911-12 he was sec- 
retary and treasurer of the Federation of Trade Press 
Associations of the United States, and in January of 
this year was elected secretary of the New York Trade 
Press Association. As vice-president of the Simmons- 
Boardman Publishing Company he will also continue 
as treasurer of the company. 


bli R. Manor 


Eli R. Manor was appointed chief electrician of 
the Northern Pacific Railway Company on December 
15, 1915, with headquarters at St. Pauly Miiiaeice 
K. R. Hare, who resigned on November 15, to take 
the position of associate editor of the Railway Elec- 
trical Engineer. Mr. Manor is a graduate of the Col- 
lege of Electrical Engineering, University of Wiscon- 
sin, class of 1909, and has been employed with the 
Northern Pacific since June, 1910, as dynamometer 
car expert. 


New Books ofImterestto Railway 
Electrical Engineers 


Standard Handbook for Electrical Engineers. Prepared by a staff of 
specialists under the direction of Frank F. Fowle, Posie Electrical 
Engineer, Editor in Chief. 1,984 pages, fully illustrated, 4 in. x 65% in. 
Bound in leather. Published by the MacGraw Hill Book Co., Inc., 239 
W. 39th St., New York. Price, $5.00. 


The present edition of the standard handbook for 
electrical engineers embodies so many changes and ad- 
ditional matter that it is virtually a new book, retain- 
ing, however, the general features and scheme arrange- 
ment which has received extensive endorsement in 
this higher edition. As heretofore, the standard hand- 
book is intended, primarily, as a reference book on 
practical information and data for practicing engineers. 
The authors have made a special effort to present as 
much information and data of a practical nature as 
space would permit, reducing descriptive matter to a 
reasonable minimum and relying on references to 
standard works for an extended dissertation on theory 
and highly special topics. By the studied use of bold 
faced type the real subject of each paragraph has been 
brought out in a prominent way. 


Electrical Measurement and Meter Testing. By David Penn Moreton, 
Associate Professor of Electrical Engineering, Armour Institute of Tech- 
nology, Chicago. 328 pages, 191 illustrations, 4 in. x 6% in. Bound in 
cloth. Published by Frederick J. Drake & Co., Chicago. Price in lint cloth, 
$1.00, in full leather, red edges, gold stamping, $1.50. 

This new practical meter book has been written by 
Professor Morton with the special object of making 
the subject matter clear and easy to grasp. 

The fundamental theory is clearly presented, practi- 
cal applications are shown, and numerous examples 
and their solutions are given, The illustrations, which 
are all carefully explained, form one of the most valu- 
able features of the book. A copious index makes 
quick reference possible, and adds much to its useful- 
ness. | 

The first five chapters are devoted to the treatment 
of the fundamental principles of electricity, because a 
clear understanding of these principles is necessary to 
everyone who desires to post himself on the applica- 
tion of practice. 

The remaining eight chapters treat of the electrical 
measurement and the construction, operation, and the 
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calibration of the instrument used in making such 
measurements. 


The Electric. Railway. By A. Morris Buck, Assistant Professor of 
Railway Electrical Engineering, University of Illinois. 376 pages, 192 
illustration, 534 in. x 9 in. Bound in cloth. Published by MacGraw Hill 
Book Co., Inc., 239 W. 39th St., New York City. Price, $3.00. 

This book has been written by Professor Buck to 
meet the need of an adequate text book for instruction 
of advanced students of railway electrical engineering. 
Although intended primarily as a text book, it is be- 
lieved that this volume contains much matter of in- 
terest to the practicing engineer, since it purposes to 
give the underlying principles of electric railway de- 
sign and operation. 


Single-Phase Electric Railways. By Edwin Austin, on the Editorial Staff 
of “The Engineer.” 294 pages, 346 illustrations. 8 in. x 11 in. Bound 
a oes eeenes by the D. Van Nostrand Co., 25 Park Place, New York. 

rice, >$5.00. 


This book is devoted to description of complete rail- 
ways and portions of main line railways, electrified 
on the single-phase system. Most of the chapters 
appeared originally in the columns of “The Engineer.” 
Its primary object is to show what has been done 
abroad and to put before engineers and others inter- 
ested in railway electrification, details of overhead 
equipment, locomotives and motor coaches used on 
the English, Continental and American single-phase 
lines. 

Wray’s Manual of Car Lighting and the Pennsylvania Railroad School 
of Electricity. Edited by Edward Wray, Business Manager, Railway Elec- 
trical Engineer. 330 pages, fully illustrated, 9 in. x 12 in. Bound in cloth. 
Copies of this book may be obtained from the MacGraw Hill Book Co., 
Inc., 239 W. 39th St., New York. Price, $2.00. 

This book has been compiled entirely from a series 
of lessons and articles published monthly in the Rail- 
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Flood Lighting for Terminal Yards 


Experiments in lighting terminal yards by the Flood 
lighting system are being made by the Pennsylvania at 
the Twelfth street coach yards in Chicago. Six 1,000- 
watt stereopticon mazda type C lamps with concentrated 
filaments are being used in a searchlight frame about 16 
in. in diameter and 14 in. deep. Adjustable parabolic 
reflectors 12 in. in diameter are used, they being adjusted 
to give the proper flood of light at the proper distance. 
These are mounted on the top of the coal chute and other 
high buildings in the absence of suitable towers to sup- 
port them. These lights are rated at 150,000 candle 
_ power at 1,500 ft. The length of the surface lighted by 
one unit is approximately 1,800 ft. long and 350 ft. wide 
when the lamp is mounted at a height of 65 ft. Although 
it has not been possible to locate these lights at the de- 
sired height at the present time they have given such re- 
sults that the system is believed to be entirely practicable. 
The yard can be better lighted at a decrease in power 
consumption. At the present time the lights are used to 
illuminate the busiest leads and the yard men are highly 
enthusiastic with the results of the experiments and are 
strong advocates of this system of lighting. The lights 
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way Electrical Engineer, including the following: (1) 
42 lessons of the A. B. C. Car Lighting course, covering 
three and one-half years’ work, describing nearly every 
type of car lighting equipment ever used, numerous les- 
sons on storage battery, principles of electricity, mag- 
netism, etc. (2) 14 lessons of the Pennsylvania Railroad 
School of Electricity (all that has been published by that 
road so far). (3) 20 lessons of the Railroad Electric 
Club. In each lesson many practical problems on bat- 
teries, operation and maintenance of car lighting equip- 
ment, figuring wiring circuits, etc., were fully worked 
out and explained. This is one of the most valuable de- 
partments in the book. (4) Practical Stunts, as published 
in over 30 issues of the Railway Electrical Engineer. 
This department is maintained by the practical men on the 
job, and here you will find many valuable stunts which 
the other fellow has worked out, and which will help you 
in your own work. (5) Prize Question Box, as published 
in nearly 30 issues of the Railway Electrical Engineer. 
This is another department maintained by the readers, 
and a great many practical questions are asked and an- 
swered. (6) Motor Section.. This series of lessons was 
started weekly for the shop electrician. Each month 
articles are published, one prepared by Mr. J. H. Wick- 
man, General Foreman Electric Department, Illinois Cen- 
tral Railroad, giving the practical dope on A. C. Motor 
Windings, Armature Repairs, Testing, etc. The other 
series of articles on principles of alternating currents is 
prepared by Mr. Willard Doud, Consulting Engineer, 
who, personally, has had charge of many big shop in- 
stallations. This book includes the 12 shop motor arti- 
cles published so far and is very thoroughly indexed. 
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are at such a height that they are well above the clouds 
of steam coming from the locomotives and are sufficiently 
powerful to penetrate through them. 

Experiments are also being made with a 500-watt lamp 
mounted in a similar frame in the engine house, the light 
being placed on the wall between the pits. It also has 
proved satisfactory and by its use a material reduction is 
made in the amount of current required for suitable light- 
ing. It is expected that a permanent installation will be 
made in the near future. The lamp fixtures are being 
furnished by the American Lighting Company, Chicago. 


Patent Decision Favors U. S. Light & Heat 
Corporation. 


The Circuit Court of Appeals for the Second Dis- 
trict has just handed down a decision confirming the 
prior decision of Judge Hazel, of the United States 
District Court for the Western District of New York, 
holding the Thompson patent on the carbon disk reg- 
ulator invalid. The Safety Car Heating & Lighting 
Company alleged that the carbon disk regulators man- 
ufactured and sold by the U. S. Light & Heat Cor- 
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poration were infringements on this patent, but the 
decision holds that the latter company, through its 
predecessors, had used the carbon disk regulator prior 
to the Thompson patent and that the patent covered 
no additional features which were patentable, and 
was therefore invalid. The Safety Company moved 
for a rehearing before the Court of Appeals, but this 
rehearing was denied, so that the decision by the Court 
of last resort now stands in favor of the U. S. Light 
& Heat Corporation. 


Some War Orders That Didn’t Come Through. 


Six hundred members of the Chicago Electric Club, 
Jovian League, witnessed the installation of officers 
at the annual meeting at the Hotel Sherman, January 
7, and after dinner everybody enjoyed a rousing old 
poker. 

The jest of the evening was a disguised member 
- of the Royal Chinese family, alias a South Clarke 
street Chinaman dressed in evening clothes, who, it 
was stated, was here incognito to purchase electrical 
goods for the Chinese Government. It was explained 
by the toastmaster that he spoke no English. An 
interpreter would be available. 

Fifty of the live wires among the Jovians quickly 
found cause for leaving the party to get in touch with 
their firms, having visions of a monster export order. 

About that time the Celestine importation stood up 
and said, “I got to beat it back to the laundry.” 

George Hull Porter, manager of railway sales of 
the Western Electric Company, Chicago, was chair- 
man of the entertainment committee—we might have 
known that had the Chinaman been the straight goods 
and with a bunch of orders to place he never would 
have gotten by George. 


New Gould Body Hung Suspension. 


The accompanying illustrations show a standard 
Gould generator mounted on the car body, instead of 
the standard truck type suspension. The generator 
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A Standard Gould Axle Generator Mounted On the Car Body by the 
New Type of Suspension. 

is inverted so that the four supporting lugs are at 
the top, instead of at the bottom, as in the truck 
mounted type. Two steel shafts are passed through 
the lugs and connect the generator to its supporting 
Irame. 

This frame, as will be noticed from an examination 
of the illustrations, supports the generator from a 
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single shaft and accordingly all wear comes on this one 
shaft. The supporting frame itself, however, is bushed 
so that wear at this point may be easily compensated 
for by removal of bushing and supporting shaft. 
Safety chains are provided, as will be noticed from the 
illustration. 

The pole changer head of the generator is also in- 


New Body Hung Suspension for Gould Standard Axle Generators. 


verted so as to make the pole changing mechanism 
operate correctly. The machine, itself, however, is 
simply a standard machine and no other alteration is 
necessary other than to provide for the special sup- 
porting steel castings and mountings on the car body. 
The magnet frame adapter casting and the yoke from 
which it suspends are the same for all types of Gould 
generators. 


Trace Publications 


Electrical Apparatus—One of the recent publications 
of the railway and lighting department of the Westing- 
house Electric & Manufacturing Company is an illus- 
trated booklet containing a paper presented before the 
Railway Club of Pittsburgh by E. M. Herr, entitled 
“Notes on Electric Power Development.” 

Conduit Chart—National Metal Molding Company, 
manufacturers of electrical conduits and fittings, Pitts- 
burgh, is distributing an attractive wall hanger, repro- 
ducing, in one-half actual size, conduit charts as adopted 
and recommended by the National Electrical Contractors’ 
Association, showing sizes of conduit required by the — 
National Electrical Code for carrying various sizes of 
conductors. This hanger is printed on linen-backed stock 
and will prove of convenience for reference in the offices 
of architects, engineers and electrical contractors. 

Wiring Device Catalogue-——The Bryant Electric Com- 
pany, of Bridgeport, Conn., has recently issued a com- 
plete publication devoted to Bryant-Perkins’ wiring de- 
vices. A novel feature of this catalogue, which should 
prove most useful, is that each device listed is illustrated 
along the margin of the page and a red arrow runs from 
the descriptive matter of the device to the illustration 
showing it. Several pages at the back of the catalogue 
are devoted to instructive wiring diagrams and methods 
for calculating feeders. 
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Work of the A. R. E. E. 
Committees 


The work of the committees of the Association of Rail- 
way Electrical Engineers is being actively carried on in 
preparation for the annual convention of the association 
to be held in Chicago some time in the latter part of 
October. 

Probably one of the most important pieces of work 
ever undertaken by any committee of this association is 
that of standardizing motors for shop traveling cranes. 
This committee has already held one meeting early in 
February, and two sub-committees, one on “Motor Rat- 
ings” and the other on “Dimensions” have held sub-com- 
mittee meetings. The committee is endeavoring to stand- 
ardize both on crane sizes and operating speed, these 
latter being necessary before any standardizing of motors 
can be undertaken. 
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As to motor standards, the committee expects to make 
recommendation as to motor sizes for various functions 
with certain crane sizes and operating speeds. In addi- 
tion to this it expects to give a standard method of rating 
motors for traveling cranes and also to standardize over- 
all outline, base fps shafts and keyways. 

The whole purpose of the committee is to increase the 
reliability of the shop traveling crane, making it possible, 
in case of motor troubles, to replace any crane motor 
with any other crane motor of proper size, instead of 
having to tie up the crane or limit its operation for two or 
three eal until the defective motor can be replaced by 
one procured from the manufacturer. With a reasonable 
degree of standardization for crane motors it will then 
be possible, by carrying simply one spare motor of each 
of the sizes in use, to make immediate repairs to any 
crane. The many Save ers in operating efficiency of 
such interchangeability of crane motors are at once 
evident. 

The committee on Metal Conduit has become well or- 
ganized during the winter and some very instructive and 
interesting service tests have been started in which the 
various brands and types of conduit are exposed to the 
most severe service conditions. 


Rating of Imcandescent Lamps 


The steady improvement in the efficiency of incan- 
descent lamps which began with the development of the 
gem, tantalum and tungsten lamps about eight years ago, 
has been the cause of changing from a candle power to 
a watt basis of rating the lamps, and at present there 
seems to be considerable discussion as to the advisability 
of making another change by adopting the mean spherical 
candle power rating as the basis for rating incandescent 
lamps in the future. 

In this connection, however, it is interesting to note 
that the Illuminating Engineering Society, the American 
Institute of Electrical Engineers, and the Committee on 
Electrical Measurement and Standards of the National 
Electric Light Association have urged the adoption of 
the lumen basis for rating all illuminants in preference 
to either the wattage, the mean horizontal candle power 
or the mean spherical candle power basis. We sincerely 
hope that the Association of Railway Electrical Engineers 
will also go on record, at its next convention, as advocat- 
ing the use of the lumen for rating illuminants in prefer- 
ence to recommending the mean spherical candle power. 

The rating in mean spherical candle power tends to 
degrade the lamps as compared with the rating in mean 
horizontal candle power; that is, the nominal candle 
power of the lamp will be less if rated in mean spherical 
candle power. In other words, the mean horizontal candle 
power of a 25-watt lamp is 22.72 candle power, while the 
mean spherical candle power of the same lamp is only 
18.4 candle power, the lower value of the mean spherical 
candle power being due to the fact that this basis takes 
into consideration the upward and downward intensities 
which are, of course, much less than the horizontal inten- 
sities, due to the filament construction. This objection is 
an important one from a commercial viewpoint because 
if a spherical basis is adopted the future lamps will appar- 
ently be operating at a lower efficiency by about 20 per 
cent. than at present. 

The lumen is the correct and logical unit of a lamp out- 
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put as it measures the total light flux, not merely an 
intensity in a certain direction. The lumen is intimately 
connected with the more common illumination units in- 
asmuch as one lumen per square foot is equivalent to the 
illumination of one foot candle. Therefore, instead of 
being a new or mysterious unit, the lumen is one which 
illuminating engineers, from practical experience, have 
found to greatly facilitate the working out of illuminating 
problems. For instance, assuming that it is desired to 
provide an illumination of 2 foot candles in a room 10 ft. 
by 10 ft. The area of the room is 100 sq. ft., and 1t would 
then require 200 lumens of light flux to illuminate this 
area to an intensity of 2 foot candles. Assuming that the 
lighting unit with reflector directs only 50 per cent. of its 
total light on the working plane, it is very evident that 
a 400 lumen lamp would be required to give the desired 
illumination. 

The lumen rating leads directly to a proper expression 
for lamp efficiency ; namely, lumen per watt. Lumen per 
watt will always come out a number greater than one and 
hence it will be a more convenient unit to use than frac- 
tional parts of a watt per candle. The connection between 
the total lumens of a lamp of standard construction and 
its candle power is such that an approximate value of 
horizontal candle power may be obtained by dividing the 
number of lumens by ten, and further, the total lumens of 
a lamp and its mean spherical candle power are connected 
by the factor 4 7; in other words, the total lumens of a 
lamp of 20 mean spherical candle power would be 20 
times 12.5664 or 251 lumens. 

Both candle power and watts are arbitrary units for de- 
signating the size of a lamp or for designating the amount 
of light which any lamp will give. In the same way it may 
be said that the lumen is also an arbitrary unit, but it hap- 
pily has the important advantage of tying together the 
total light flux generated in the lamp with the illumination 
in foot candles produced on the working plane. This 1s 
because one lumen per square foot equals one foot candle. 
It is also true that it will be just as easy to adjust our- 
selves to the idea of specifying lamps in lumens as it was 
to specify them in watts, and, as it would be to specify 
them in mean spherical candle power; furthermore, dur- 
ing the process of becoming so adjusted to the new rating 
we would be comforted by the thought that no other 
change will ever be advocated, or suggested, because no 
other will ever be desirable or necessary. 

If the basis of rating railway lamps is changed over to 
a mean spherical basis we will very likely in a few years 
find ourselves entirely without company and will feel the 
necessity of making another change to the lumen basis. 
The entire electrical industry is undoubtedly veering to- 
wards a general adoption of the lumen basis of rating 
lamps, and any adoption of the mean spherical candle 
power basis is therefore only a half-way measure which 
will lead eventually to still another change to the final 
and logical lumen rating. 

Any change that is made will mean a period of educa- 
tional work required to familiarize lamp users with the 
new rating. As the lumen rating will unquestionably be 
adopted some day, why not have it over with and elimi- 
nate the trouble connected with an unnecessary inter- 
mediate step? Why not go to the logical rating now? 

We gladly open our columns to a discussion of this im- 
portant subject and cordially invite you to send us your 
views. 
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Clean Lighting Fixtures 


Railroad officials appreciate more than ever before the 
value of good lighting, not only from the advertising 
value of serving the public and providing more attractive 
stations and cars, but also from the dollars and cents point 
of view as well. This is evidenced by the areas about 
some of the prominent railroad terminals which are bril- 
liantly illuminated and also by the fact that many railroads 
are now equipping their classification yards with an ade- 
quate lighting system. 

Recognizing the need of, and installing a good lighting 
system, however, is only half the battle. In order to con- 
tinue to receive the benefit of a good lighting system, the 
lighting fixtures must be kept clean. 

There is nothing on a railroad that depreciates so rap- 
idly as does the efficiency of the lighting system. The 
rapid collection of dust and smoke on the lighting fixtures 
causes the illumination to be reduced to about 50 per cent 
of its initial value in some locations within a week, 
and in the average station or shop it would reduce to 
about 50 per cent efficiency in one month. 

All types of lamps and reflectors require cleaning, and 
reflectors which allow some of the light to show through 
the bowl, as in nearly all glass types, except mirrored 
reflectors, are more seriously affected by a collection of 
dirt on the outside of the reflector than are reflectors of 
the enameled steel type. 

Every railroad should recognize the advisability of 
providing for the proper maintenance of its lighting sys- 
tems, including the inspection and cleaning of reflectors 
and globes. This work should be included in the regular 
routine of shop maintenance and should be placed in the 
hands of the shop electrician or other special mainte- 
nance department. With the modern practice of mount- 
ing large candle power lamps overhead instead of placiny 
small lamps near each machine, the importance of reliev- 
ing the workman from the care of lighting fixtures is 
greater now than it was formerly. | 

The saving effected by systematically cleaning reflect- 
ors and lamp bulbs will more than pay for the small extra 
expense involved. The following example will serve to 
emphasize this point. Take a railroad which operates 5,000 
150-watt lamps and assume that these lamps burn 8 hours . 
out of every 24 and that the cost for current is two cents 
per k. w. h. The total cost of current per year then will 
be $37,560. It has been shown in numerous tests that a 
collection of dust and soot on reflectors and lamp bulbs 
will reduce the illumination by 50 per cent. This means 
that if the 5,000 reflectors and bulbs above mentioned are 
not cleaned half of the light from these lamps will be 
absorbed and wasted causing a direct loss of $18,780 per 
year, while on the other hand this amount will be saved if 
the reflectors and bulbs are systematically and regularly 
cleaned. The cost of cleaning will not amount to more 
than 3 cents a fixture a month or a total of $1,800 a year, 
which is only 9.6 per cent of the saving. In other words 
1,040 per cent will be earned by the investment. 

In addition to the saving in energy thus effected will be 
the saving in workmen’s time which would be lost due to 
inadequate illumination if the reflectors and bulbs are 
not cleaned. Ordinarily the expenditure for lighting is 
about '%4 of 1 per cent of the wages of the workmen em- 
ployed, while to properly maintain that lighting system 
costs only about 1/30 of 1 per cent of the wages. 
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=I Slip electric 


Power 


By G M. Eaton 


The paper shows that chattering wheel slip is charac- 
teristic of all types of electric motive power. The appli- 
cation of the motive power in the electric and steam drives 
is compared, and the reason for the chattering wheel slip 
and the means of measuring and rectifying the same are 
given. 

When the steam pressure in the cylinders of steam 
motive power is high enough to start slipping of drive 
wheels, their acceleration is fairly uniform and rapid, the 


Fig. 1. 
Locomotive Where the Motors Are Geared Direct to Quill Axles 


Transmission of One Type of Geared Freight and Passenger 


load on the piston being weil sustained on account of 
late cut-off and stored steam in pipes, receivers, etc. 

In contrast to this, with electric motive power, regard- 
less of the method of transmitting the tractive effort from 
the rotors to the wheels, the acceleration after slipping 
starts is liable to be erratic, being dependent upon the 
distribution of rotating masses, and upon the characteris- 
tic of the coefficient of friction between wheel and rail. 

The fundamental difference between the running gear 
of steam and electric motive power is that in the steam 
locomotive, the only moving parts having relatively high 
moment of inertia are the driving wheels. 

In an electric locomotive, the moment of inertia of the 
rotors, especially when operating through a gear reduc- 
tion, may be as great as or greater than that of the driv- 
ing wheels. 

The combined inertia of connecting rods, cross-heads, 
piston rods and pistons is practically negligible as far as 
it affects acceleration of driving wheels after slipping 
starts. In an electric locomotive, when slipping occurs, 
the sequence of events is as follows, regardless of the 
type of drive: 

Current is applied to the motor and the rotor starts to 
turn. Clearances in the entire transmission mechanism 
are first eliminated. Then, as the torque is increased, the 
metal of the transmission, framing, etc., is bent and 
twisted, or otherwise deflected. This stressed metal be- 
comes a storage battery of energy. Finally the tractive 


*A paper presented at the fourth Mid-winter Convention of the Ameri- 
can Institute of Electrical Engineers, New York, February 9, 1916. 


effort reaches a value sufficient to overcome the existing 
adhesion at the rail (coefficient of friction of repose), and 
the wheel starts to slip. The instant relative movement 
occurs between wheel and rail, the coefficient of fric- 
tion drops from that of repose to that of relative motion. 
There is, therefore, an opportunity for the stressed metal 
to start discharging its stored energy, since part of the 
resisting force has disappeared. This energy is expended 
in accelerating the wheels ahead of the angular position 
they occupied relative to the rotor at the instant slipping 
started. 

It is necessary next to analyze independently the two 
divisions of the rotating system, namely, rotors and 
wheels. 

Since the wheels are being accelerated ahead of the 
rotors, the rotors are losing their load and will tend to 
speed up. This is true not only of motors of series char- 


Fig. 2. 


Quill Supported Gear and Driving Wheels of Locomotive 
Transmission Shown in Fig. 1. 


acteristic, but also of induction motors when running 
below synchronism, as will ordinarily be the case in trac- 
tion work when the wheels slip. In fact, the induction 
motors, because their generated counter e. m. f. with in- 
creased speed is less than with series motors, will hold 
up their torque better and, therefore, accelerate faster. 
The induction motor, in this particular, more nearly ap- 
proaches the steam locomotive, in which, at starting, 
steam is cut off as late as possible in the stroke, so as to 
get the maximum starting tractive effort. 

Analyzing next the other division of the system, the 
adhesion at the rail will decrease as the velocity of the 
wheel tread relative to the rail, increases. The effort be- 
ing transmitted through the transmission system, how- 
ever, will decrease very rapidly, due to expenditure of 
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stored energy, and as soon as this effort, which is tend- 
ing to accelerate the wheels, becomes less than the adhe- 
sion at the rail, which is tending to retard the wheels, the 
wheels will evidently start to slow down. 

There are, then, two sets of rotating masses mechani- 
cally coupled, the masses at one end of the system 
accelerating, and those at the other end, retarding. As 


Fig. 3. Another Type of Electric Locomotive Transmission Where 
Two Three-Phase Motors Are Geared to a Jack Shaft 
Which Drives the Connecting Rods 


soon as clearances in the transmission are taken up, there 
is liable to be a jolt on the mechanical system, accom- 
panied by a recoil. This gives the setting for chattering 
action, and such action has been experienced in practi- 
cally every type of electrically-driven rolling stock where 
the motors are sufficiently powerful to slip the wheels at 
high adhesion. 

This occurred on the geared freight and passenger 
locomotives whose transmission is shown in Fig. 1. The 
quill arms at the point marked 4 hit against the wheel 
spokes at the point marked B, Fig. 2, and more or less 
breakage of these arms occurred. It was found, however, 
that the arms which broke had blow-holes in the interior 
of the castings, and after these defective castings were 
eliminated, the breakage practically ceased. 


Fig. 4. 
Current Motors Are Connected to the Jack Shaft by 
Connecting Rods 


A Type of Locomotive Transmission Where the Direct 


In later locomotives in the same service equipped with 
two motors per axle, the change in armature inertia 
eliminated this striking. Chattering slip still occurred, 
but the capacity of the quill springs was sufficient to limit 
the amplitude of swing to a distance less than the existing 
clearances. 
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A certain amount of similar striking again occurred in 
some switching locomotives, but here again the parts 
were strong enough to stand thé service. 

The same characteristic is occasionally observed in city 
and interurban cars, although this is much less frequent 
than in heavy hauling electric locomotives. This is due 
to the greater tractive power in proportion to the weight 
which is employed in the latter type of motive power. 

In case of freight locomotives where the motors are 
geared directly to the axles the same phenomenon has 
been observed. 

On the Norfolk & Western locomotives, chattering 
slip occurred in the running gear shown in Fig. 3. After 
the locomotives had been in service for some months, 
evidences of failure were detected in the crank pins. The 


Hand-operated Oscillograph 


for Recording Chattering 
Wheel Slip ‘ 


cause was traced to chattering slip by means of a rough 
oscillograph, as shown in Fig. 5. The brakes were set 
on three trucks, and the oscillograph frame was set up 
on the fourth truck. The wheel tread was chalked. The 


Extensomefer 


Welded 


OW 


graph Figures 


oscillograph frame was oscillated about its supporting 
points 4, Fig. 5, the amplitude of oscillation being two 
inches. The time of complete oscillation was two seconds. 
The scribers were pressed against the wheel tread. ‘The 
wheel treads were then slipped, and the characteristic 
diagram of the chattering slip was obtained, as shown in 
Fig. 6. The analysis in the figure is self-explanatory. 
By means of this diagram, it was possible to figure ap- 
proximately the forces necessary to produce the accelera- 
tion and retardation which occurred, and the resultant 
stresses in the rods, pins, etc., were calculated. 

To check the oscillograph figures, extensometers were 
arranged, as shown in Fig. 7, by means of which the con- 
necting rods indicated their own stresses. The extension 
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and compression of the rods were recorded by means of 
the compression of blocks of lead. This is evident from 
a little study of the figure. 
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permission was secured to make a test on the locomotives 


shown in Fig. 4. The wheels were slipped several times 


in succession in the same spot on the rails, and on the 
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Fig. 7. Oscillograph Record of Chattering Wheel Slip. 


The two methods checked within a very few per cent. 
On the basis of the results, new rods, pins, etc., were 
applied on the locomotives. These have proved adequate 
for the service. 

This chattering slip was more evident on the Norfolk 
& Western locomotives than could have been antici- 
pated, since this was the first time electric haulage had 
been applied in service where such extremely high trac- 
tive efforts were required. 

The phenomenon had never been observed on the loco- 
‘motives with transmission as shown in Fig. 4. After it 
was experienced on the Norfolk and Western, however, 


ustrial Trucks 
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This Record Was Made Directly on the Wheel Tread 


third slip, chattering occurred. 

In all heavy hauling electric motive power, this prob- 
lem must be considered, with every type of drive. The 
great number of variables entering and the wide fluctua- 
tion of certain of these variables render broad experience 
necessary in securing a successful solution of the problem. 
This has been gone into deeply and quantitatively by the 
writer and his associates, together with engineers of the 
locomotive works, with elaborate special testing appara- 
tus, but it has been considered necessary to eliminate all 
quantitative values from this paper, the purpose of which 
is simply to cover the subject briefly. 


im the Service 


the Pennsylvania 
T. V. Buckwalter 


The industrial truck as at present developed comprises 
several general classes, as governed by condition of 
service. These are: 


Drop Frame Baggage Truck with Three Load Drop Frame Trailers. 
Steering Arrangement Permits of Operation Over Tortuous Course 


Baggage and Mail trucks for use in Passenger Stations. 

Warehouse Trucks for Freight Stations and Warehouses. | 

Shop Trucks for Railroad Shops and general industrial 
purposes. ; 

Electric Tractors for propelling freight cars over street rail- 
way track. 


There are no well defined lines of demarcation between 
the first three classes and several modifications of each 
class have been constructed, as demanded by the condi- 
tion at each installation. 


*A paper presented before the Electric Vehicle Association at Cleveland, 
Ohio, October 18 and 19, 1915. 


Classes of Trucks 

Baggage Truck.—The baggage trucks are character- 
ized by a height of about two-thirds the distance from the 
platform to the baggage car floor. This works out at 
about 30 in. The length is controlled generally by ex- 
isting elevator sizes and ranges from 9 to 12 ft. The 
width is slightly greater than the length of large trucks, 
generally 44 in. 

A modification of the baggage truck has a body only 


Drop Frame Shop Truck with Transverse Rails for Carrying 
Mounted Wheels 


9 in. high for use in depressed track stations where the 
car floor is but slightly higher than the station platform. 

Warehouse Trucks—The electric warehouse trucks 
are characterized by a depressed portion at one end to 
facilitate loading, and delivery of the load into the end 
of the car. 
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The restrictions limit the height-to about 10 in., the 
width to about 40 in. and the overall length to less than 
Beit: 

Shop Trucks.—The use of shop trucks is subject to a 
variety of conditions as regards relative size and bulk of 
material handled. This ee required a number of modifi- 
cations in truck sizes. 

A distinct shop truck class has therefore not been de- 
veloped, but adoption made of baggage and warehouse 
classes. 


Shop Truck, Warehouse Class, Commissary Department 


Double End Control—Railroad stations and shops are 
generally congested with runways as narrow as condi- 
tions will allow, therefore with the object of avoiding 
entirely the necessity of turning around, thereby blocking 
other traffic, railroad industrial trucks have been con- 
structed with double end control. This feature permits 
of operation with equal facility in either direction, re- 
ducing congestion to a minimum. 


An exception is the warehouse truck, which: must have 
the low frame available for operation into freight cars. 


Four-Wheel Steer.—Space required to turn is_ still 
further reduced by steering four wheels instead of two, 
and operation is made exactly identical in either direc- 
tion. This eliminates the dangerous practice of running 
two-wheel steering trucks backward. 


Two-Wheel Drive —Sufficient traction for all ordinary 
work is available with two-wheel driving, and therefore 
four-wheel driving complication is avoided. 


The voltage of industrial trucks has been selected after 
a careful study of the advantages of prevailing commer- 
cial truck standards and of much lower voltages, and was 
finally adopted at 24 volts as the minimum at which effi- 
cient motors were obtainable, in consideration of the 
preponderant advantages of the low voltage battery. 

The 24-volt battery has the following advantages: 

Minimum number of cells. 

Minimum number of connectors. 
Consequently, 

Minimum possibility of jar and connector breakage. 


Minimum cost per unit of capacity. 
Minimum weight per unit of capacity. 


Capacity—The capacity of industrial trucks was 
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worked out at 4,000 Ibs. as the maximum that could be 
readily and safely handled within narrow and congested 
enclosures, in consideration of the absolute necessity of 
quick stopping and positive and quick manipulation of 
control mechanism. 

Larger than 4,000-lb. trucks are too cumbersome and 
smaller trucks do not handle enough to realize the full 
efficiency of the service. 

A 50 per cent. overload factor has been found desir- 
able, which makes a total weight as much as can be 
quickly handled. 

Speeds.—High speed capacity has been found of little 
or no value for the reason that the speed is entirely a 
matter of condition and amount of congestion of run- 
ways, presence of other people who have other duties 
beside looking out for trucks. Therefore the speed has 
been gradually reduced as our experience increased to the 
present standard of six to seven miles per hour with the 
empty truck and five to six miles per hour loaded. 


Shop Truck, Straight Frame Class 


General.—The foregoing is intended as a general de- 
scription of trucks designed to meet railroad conditions 
of service as these conditions appear to railroad men. If 
certain characteristics are considered essential in an in- 
dustrial truck, every effort has been made to obtain such 
desirable characteristics, sometimes at an increased cost 
over simpler but less eMaient structures. 


Operating Results 


It is understood this association is interested chiefly 
in operating results. The appended table entitled Sum- 
mary of Operating Data, Year 1914, should be found 
particularly interesting. 

This table shows all labor and operating charges for 
the year 1914 for a total of 212 trucks. 

The table is arranged in two sections devoted to total 
charges for all trucks at each installation and averages 
per truck month for each installation. 

There is naturally a wide variation in some of the 
charges, due to difference in current cost ranging from 
5 mills to 10 cents per k.w.h. to the number of trucks in 
the installation, and the character of the work. 

The shop trucks include labor charges of drivers, but 
the baggage trucks do not include these charges for the 
reason that the trucks are driven by the baggage porters. 

The installations are given an efficiency standing based 
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on saving on shop trucks and on cost of operation on 
baggage trucks. The former is computed on saving 
because these trucks handle work formerly done by 
manual labor, and the saving is readily computed. How- 
ever, the figures do not represent the total saving, as, for 
instance, increased efficiency of the shop due to having 
material handled on a regular and prompt schedule does 
not admit of calculation.. The old practice of helping out 
the labor gang with machinists is largely avoided. 

The saving effected in baggage service is considerable, 
and some figures are available, but were not considered 
sufficiently complete to be presented at this time. This 
saving is difficult of calculation. The character of the 
service has changed considerably since the introduction 
of electric trucks the parcel post, formerly non-existent, 
is now a large and important part of the work. The 
labor force has not, generally speaking, been decreased, 
but on the other hand, the business has increased. 


SHOP TRUCKS 
AVERAGE MONTHLY DATA ALL TRUCKS. 
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Summary of Operating Data for Electric Trucks for the Year 1914 


Rush periods can now be handled without borrowing 
untrained men from other departments. A better class 
of men continue in service, as compared with the rapidly 
changing force in the old days. 

The operating people consider that the most important 
advantage of electric baggage trucks is relief to terminal 
congestion and prompt despatch of trains resulting from 
avoidance of baggage detention. 

The saving effected is not stated on certain installa- 
tions. This does not indicate absence of saving, but fail- 
ure of operating people to ascertain same in time for this 
paper.. The installations omitted would be near the top of 
the list. 

Under the heading “‘Number of Trucks” is indicated 
the number at the beginning and the-end of the vear but 
averages are based on actual truck months. 


Electric Tractor 


The electric Tractor has now been in service 31 months 
and has proved entirely satisfactory. A description of 
this machine will be found in the S. A. E. Proceedings, 
Year 1914, Page 231. A brief description, however, may 
be of interest. 

The machine is intendéd to replace horses in the opera- 
tion of freight cars on track laid on paved streets. The 
tractor runs on the pavement and the fundamental reason 
for the success following its operation is the ability to be 
operated without confinement to rails. 


Cars can be handled from either end by either end of the 
tractor. 
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Steering, driving and braking is on four wheels. 

The tire size is 60 in. x 6 in. dual. Weight 29,000 Ibs. 

Draw bar capacity 8,000 Ibs. at 2 m. p. h. 

Normal Speed 6 m. p. h. with one car on level tangent. 

Brakes can be operated by hand or automatic air. 

Radial draft gear with standard couplers is provided at each 
end. 

The diameter of the stearing wheel is 42 in. with other parts in 
proportion. 
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Number of Cars 


Curves of Electric Tractor Operation Showing 
Handled Per Month and Cost Per Car Per Month Since 
; January, 1913 


The brake shoes are four in number, 2% in. wide by 30 in. 
diameter. 

Driving gears are 33 in. diameter and 4 in. wide on each wheel. 

The machine is shown on appended photograph. 

The results of operation is shown on the attached table. 


Data DeEriveD FROM ABOVE TABLES 


Costook stractoceae nce vcitia uetcscetetombaeeecelh aleve tone na rahe $13,400.00 
Cost of maintenance and operation, 2% years........ $13,145.67 
Interest at 6 per cent on $13,400, 2% years........... 2,010.00 
Depreciation, less tires and battery, $13,400 — $4,200 
== pO, 200K @e Se pericenty <2. VeAtsewinsicisicsck steerer: 1,150.00 
Depreciation battery $3,260 @ 25 per cent, 2% years. 2,000.00 
$18,205.67 
ARGV KOE One elas, CLA” vtecheciometntre.o och mecoog ood o Gear One 18,205.67 


Total number of cars (in and out) 2% years..... 22,639 cars 


Total cost of service if horses had been used, 22,639 x $1.86.. 42,108.54 
SENN OS) GUAT TeNeioie, ZA Ades ogadoguncodcabonccegguneue 23,902.87 
Saving: vov.er eimyestimett.—2246 veatotas- an, tae ae ean eee 178.4% 
Savinis WOver investmenitinealls eats nies ss je cs sh cis ote e oa anes one 71.4% 
otalicostuotesemvicespenscar Gs20 567 = 122, O39niae anes cee $0.805 
AV ETAl CM WEel CULE NeTMCATE Es Tet d tata acer: ten mie tie din teins 33,196 tons 
Costroniservicempermsroma im am Gott )ieratey. sepicin. eerie eteirietisninien rere $0.0243 
‘Lotavanulessoperatedmnyeec cat eer ries: tc ies, orien cloernaee seine 8,804.3 miles 
Total number cars handled in internal movements.............. 15,202 cars 
Grandgtotals (cans Git. out amcmintenial)cc . + sc .t eas certincr eee 37,841 
Cost of maintenance and operation per car (in, out and internal), 

LSU Oe Ope emma TOA, detache ecard cies aetna RNa vir ay eves shanelch sisting en oiaie $U.347 
Cost of maintenance and operation per ton (in, out and internal) $0.0104 
Cost of maintenance and operation per mile, 13,145.67 -- 37,841. $1.49 
Motal Tengthwallcarsphamdledyi3/ss4 sci 40"ite.) 25 ee. och ectene 287 miles 
Cost of service per working day by tractor, 18,205.67 + 738 days $24.67 
Cost of service per working day by teams, 42,108.34 ~ 738 days 57.06 
ENGL Ee ERG as, Nelgeied ra Borie TORIC as 0.8 ne en & Gee 32.39 


The attached curve shows the growth of service in 
number of cars handled per month and indicates gradual 
growth of from 690 to 920 cars per month during a period 
when railroad business has been stationery. At the same 
time the cost per car has decreased from a maximum of 83 
cents to 58 cents. 

Other interesting data may also be mentioned. 

Loss of time in 2% years is nine days due to failure of the 
machine. 


Saving over investment 71.4%, saving per day $32.39. 
In travelling 8804 miles the machine has handled cars aggre- 


‘gating 287 miles. in length. 


Cost of service per ton based on cars in and out is 2.4 cents 
but operating cost on all cars handled is only 1.04 cents per ton. 

Internal movements have reference to cars moved from point 
to point within the trackage operated by the tractor. These 
movements were not included in total costs in service. 


It is hoped this paper will encourage other users of elec- 
tric trucks to submit actual operating data based on serv- 
ice of these machines. 


290 RAILWAY ELECTRICAL ENGINEER 


Average Daily Performance of Electric Tractor by Months 


Number of cars handled Total 
Hours Hours Discharge in r —_—_»~ —, Internal weight, 
1913 on charge inservice amp. hrs. Miles In Out Total movements tons 
Hebruary: mercer mere tte 8.2 8.5 616 ips! 14.8 14.8 29.6 19.5 992 
Marchi eiiveceresertcseas ote. Tce 8.5 508 12.6 oso 15 30 19.4 1,032 
April Gaekeretere niamay: teat eames 7.9 9.5 518 hei S27, 16.5 Sy 20.9 1,100 
May! Pale io staveiese tnsersiacare ta utye yee Wes 8.5 510 14.8 Uy 17 34.1 17.3 1,118 
JUNE recess alow wie es ouste alas 6.7 8.6 494 ilghait Rf 15.9 31.6 14 1,057 
Jule nw teesentcstetmore cits 6 Hed 410 14.4 14.4 14.4 28.7 13.6 962 
AMIS USE ayer 3 ci speraciueasiers sess 5 6.7 344 10.3 11.4 11.4 22.8 14.3 763 
September ea cemiiae se octal Z. 6.1 432 bales} 13.9 13.9 27.8 16.2 931 
October gists ec ac mun eer 7 7.8 Pill 12.4 a7, 15.3 31 23.8 1,070 
INovembet! sneer sisisee one 6.2 6.6 433 11.2 12.8 13 25.8 20 855 
Decembereceet cee me ucemiees 6 6.7 415 9.7 10.9 1156 22.4 20 752 
Average. chmiieiars tisi ree 6.8 deh 472 12.3 14.3 14.4 28.7 18.1 967 
Totals by Months 
1913 
Plebiary mete sieieisie keer 164 168 12,120 241.5 297 296 593 390 19,842 
Mia Chigitenchepereteter se arstorer oer etone 190 220 13,230 328.3 398 390 788 504 26,837 
MAD Ei Peper fc ceheter cusuccrtts 166 199 10,890 280.9 330 346 676 438 23,082 
MAY) cite tuettrecovcialUieme eas oeanieca’s 160 186 15225 325 375 375 750 380 24,600 
JME Mao ioarste cvs ae pastes eee Sere 167 215 12,330 327.9 393 397 790 351 26,433 
ap aaly: eyayetere tose eee otontesereee eres 156 199 10.430 303.7 374 373 747 354 25,005 
PATS UISHVON Noprecto Ga Gln ecient ices 144 174 8,940 268.7 296 295 591 371 19,775 
September 175 152 10,790 294.4 347 349 696 421 23,288 
Octobe rriia. irs cuelsccgsaspsne aot one 190 210 13,820 334 424 414 838 643 28,877 
November Seppe cceaeieis soe 142 152 9,970 257.7 293 298 591 458 19,775 
Wecémiberia saecmitememcce 175 175 10,790 lee 285 299 584 519 19,540 
ST Otalll Varare ros eheeteeenertae a tereiscete 1,809 2,050 124,535 3,213.3 3,812 3,832 7,644 4,829 257,054 
Average Daily Performance of Electric Tractor by Months 
Number of cars handled Total 
Hours Hours Discharge in cr a — Internal weight, 
1914 on charge inservice amp. hrs. Miles In Out Total movements tons 
JAINA ALY fetes cee tore\aze lanel ate reveue ares 7.5 7.2 605 lef 14.1 13ed 27.1 OXI 905 
He britat yaracte vet cstesameteeree 8.9 8.9 806 14.9 16.8 16.5 Seb) 19.1 1,115 
March Meri cr ciewctie «eters 7.9 8 616 12.5 15.9 16 31.8 21.6 1,065 
VAD ial eater reunions oerarc epeteteiote 6 6.5 449 10.5 S355) 13.8 ifes) 19.8 912 
Nay adie sted’: @rnee sec potion 6.2 7 375 10.6 14 14 27.8 20.8 925 
FAs)’ Mayers tte, casio tenets aie totes 6.5 7.9 452 1253 ed 75 35.2 21.7 Ue 
J tally gfetore sistaselatereis se ctasvecuene 5.8 725 415 11.8 15.3 15:5. 30.8 21.4 1,031 
Pap USEING ecmeG annie conie mares 5.2 6.5 356 LOE 1355 13.3 26.9 19.2 902 
Septembenw mec nition 5.8 Hoe 384 12 16.6 diy feal Bard 22.3 1,130 
October ayiiierscus ts eee 6.2 7.9 357 11 14.4 14.4 28.8 18.5 965 
November i yinicc an. os ccencn 6.9 8.2 425 10.2 12.8 122 25 20.2 839 
Decembertwrcis sec acc seer 7 8 492 9.9 12.1 12.8 24.9 19.2 835 
AVETAge se teeiGr ake share 6.7 7.6 478 ales 14.7 14.7 29.4 20.5 983 
Totals by Months 
1914 
jena Abe as cues 120 114 9,680 187.4 223 210 433 354 14,488 
ébruary, dust de screenees 195 196 17,730 327.5 370 362 732 420 24,493 
IMiarchy! sieaclsroietareteretonas 197 201 15,410 Sloe 397 399 796 540 26,634 
April.) tiiilecnpeleiereseusteas 161 178 11,660 268.5 Sb 358 709 516 233/20 
IMiaiyiars fireierchane) sole ssconeicreretne aye 154 174 9,370 264.4 348 346 694 522 Ze,lal 
pee Aedes e bis aie sein Shae 170 204 11,740 319.3 460 454 914 566 35,582 
UWLY Aivisnd cise cia etree Mamie ere 152 195 10,800 308.7 398 403 801 557 26,801 
A USUSES joo scesieleustee eletiereinees 136 170 9,270 268.3 353 348 701 499 23,455 
September <o..emen occ 135 173 8,830 277.0 383 394 777 514 25,998 
October same. «.cesite ties eee 168 213 9,650 298.4 390 389 779 501 26,065 
November! tii. cctieyn circ rile 160 189 9,880 236.2 295 282 577 466 19,306 
December serene ere 183 209 12,800 258.7 316 333 649 501 21,716 
ROCA eracerapensvenrstemeneattelanens steve 1,931 2,216 136,820 3,328 4,284 4,278 8,562 5,956 291,382 
Average Daily Performance of Electric Tractor by Months 
; Number of cars handled Total 
Hours ,Hours Discharge in cr —_ — Internal weight, 
1915 oncharge inservice amp. hrs, Miles In Out Total movements tons 
yentary over cletat erage eecasterets oteke 9.2 8.9 604 12.4 73 16.9 34.2 20.7 1,147 
ebruary nee seer 9.5 8.3 660 13.6 18.1 17.9 36.1 25.5) 1,208 
WMDat CH) o\chejereisteronelels/onetar=ier> 9 8.4 594 ilgjoih 18.3 18.5 37 28.7 1,240 
April Fes, eam oorreeisistee cere 8.3 8.3 512 3 o7, 20 20 40 30.8 1,345 
Maye ioctastoes cao aieressrate 6.9 Ve) 425 11.8 1723 aAev 35 24.4 1,169 
A hitstearaoe crto ch eae oeorin okie ifesik 8.4 468 13.4 19.3 19.2 38.5 24.5 1,286 
J tly ocaas Sbreeeitte sins vase cep sosrees 6.6 7.9 419 11.9 16.9 16.4 33.4 ZOE 1,116 
AVES RON ce shale sicyeie acetone aire 8.1 8.2 526.1 12.8 18.2 18.1 36.3 25 1,215.8 
Totals by Months 
1915 
| AMVULEUE Voreie eaercte ore wiersentcterets 3 232 223 15,090 311 433 424 857 518 28,675 
Kebrilaryomae ces neem Pla 183 14,530 290.1 400 394 794 562 26,567 
MENG) “Coote edcssnandose 242 227 16.040 35203 496 504 1,000 Ae) 33,460 
April aii wcleertaticnt is etcrsiecyeccey 216 217 13,320 354.3 521 519 1,040 798 34,798 
May ir romictreaccsiainorretaierse 172 187 10,630 295.7 432 442 874 609 29,244 
June sees ce oasmeren ors 183 219 12,160 349.7 501 498 999 633 33,426 
Julia ete ctertetse ett oes 171 205 10,910 309.9 441 427 868 522 29,043 


otalleteretecttersree cements 1,427 1,461 92,680 2,263 3,224 3,208 6,432 4,417 215,203 
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Cost of Maintenance and Operation 


f : ; Cost Insur- 
1913 Repairs Supplies oflub. Driver Current ance 
eecety [Sas ctio petos $11.82 $3.71 $1.08 $64.06 $5.14 not 
EBLUALY cies seers sles 0) 11.78 2.02 UO} 139.14 91.38 
WarGhiele cite ceraice ewe 100.82 6.40 aS lOs ts 94.45 
PS piistll ebvatateccuer sus a wt serpess 183.86 13.38 1.55 125.89 92.19 
TERA GS Ga. ee iebeweice te 538.39 3.67 1.58 141.52 122.05 
AREA Pte sre oliek si(eis\'al'e oy a-afahs 894.94 9.43 1.12 140.08 CRE & Fcc 
IE SUMESTstcy cisicietarttecaro:s.8 59.36 2.59 8.10 146.09 103.39 
PS tvers oleae. oo.aei sec 16.71 5.01 2:82 161.85 96.40 
eptember ova sss. 4.97 4.63 -29 146.27 106.24 
MOGTNDEL ceva sis,s Cages « S2al7. .84 SES) aly) alee) 
ENO VEDIDEE © oc. ss euwbisae 306.06 1.90 59) SION 91.38 
PRECEINDET 2 os 5.0 arcs ss 638.03 104.92 3.28 145.00 82.94 
1914 
eect Blacicters) Sisiievre (sh 488.16 oll sever 104.09 95.01 
ERSUALY: Yee calsisiscc «a's 11.25 2.92 waiate 132.90 129.85 
RVBSGlMbar cio, sina 7i%e.s 6: 6 184.22 2.54 O48 9e720 ee Le0el Ss 
NOG oni sc cidais cas 19,19 ose eaves 135.01 95.91 
UeY? 3 ee ei 26.43 4.58 8.25 128.97 79.18 
in iid CEE ees 83.98 8.78 wei 137.13 81.29 
ty =, 32 eager 145.26 4.66 we 140.37 85.98 
BYMIEMISGI ciciae ees ies ares 19.83 1.34 2.02 144.42 78.63 
September ..4 0... es 733.63 2.54 -84 (137.45 73.27 
RTODELOUE lates ase%i.0 s « 365.96 6.02 1.95 90.86 83.81 
Navember 05. ..0a6s « 115.96 3.20 1.09 62.79 78.81 
WERT DEIN Wiel e\scs wire, 6:0: 6s 133.79 1.45 8.25 73.54 101.81 
1915 
BRAUN Ae Pee cass code'/es ver! 28.65 6.45 50 72.67 94.05 
PRED OUI s osibiste.0 ois oe 75.44 1.54 .84 61.72 S6.O3 58 ancien 
WEEE CHIN 2. cwhce « 5 Gattis 91.65 2.94 1.12 74.02 82.57 $12.50 
ANTI” & Gest ee aee ee 16.91 2.65 12.82 70.76 68.42 12.50 
MIE 6 IS OR ae eenaG 139.50 Hina 61.83 60.81 12.50 
jure areas ss. Suavsales Aue on 8.48 71.92 63.48 12.50 
tN? 6 oo OOee eae ee 343.79 1.40 76.35 70.36 12.50 


Cost Kw. Cars Cost per Cost from 

Labor Total Garces pemcatee Hrs, sitom jan, cat Jan. 
$85.81 tony nie Beit aeite ees $85.81 
245.45 594 = $0.41 544 $0.558 331.26 
308.03 788 age 1,382 .463 639.29 
416.97 676 -62 2,058 513 1,056.26 
817.20 750 1.09 2,808 .667 1,873.46 
1,120.34 790 1.42 3,598 832 2,993.80 
319.53 747 43 4,345 763 3,313.33 
282.79 591 48 steerer 4,936 728 3,596.15 
262.40 696 sei! Weal 5,632 .685 3,858.52 
339.03 838 405 4,696 6,470 .648 4,197.55 
558.97 591 -946 3,800 7,061 .673 4,756.52 
974.17 584 1.67 3,770 7,645 .749 5,730.69 
709.07 433 1.64 3,374 8,078 797 6.439.76 
276.90 732 32 5.514 8.810 762 6,716.66 
447.15 796 aS 5,469 9,606 .746 7,163.81 
268.24 709 -378 =64,134 ~=—-:10,315 enh 7,432.05 
247.41 694 356 4,134 11,009 .697 7,679.46 
311.18 914 34 3,899 11,923 .67 7,990.64 
376.37 801 469 3,605 12,724 .657 8,367.01 
246.24 701 SO los 4 03 e425 .641 8,613.25 
Mataioiite 947.73 777 1.22 So h/ mee 14.202 .671 9,560.98 
$38.97 587.57 779 754 3,667 14,981 .677 = 10,148.55 
58.82 320.67 577 599 3,945 15,558 -672 10,469.22 
55.81 374.65 649 677 3,945 16,207 669 10,843.87 
69.36 271.71 857 .3/7 3,945 17,064 Oot) 21,015.58 
64.61 291.08 794 366 3,566 17,858 .638 11,406.66 
les 342.11 1,000 342 4,874 18,858 623 11,748.77 
69.58 253.64 1,040 -244 4,169 19,898 .603 12,002.41 
56.47 338.32 874 3387 35046 20,772 594 12,340.73 
60.84 244.73 999 .245 3,844 ZAI! .578 12,585.46 
55.81 560.21 868 -646 3,409 22,639 58 13,145.67 


A. Code for Better Lighting 
HII 


Believing that the proper illumination of railway offices, 
depots, shops, freight warehouses, docks, etc., is a most 
important factor in preventing accidents, in producing 
greater accuracy of workmanship and in increasing labor 
efficiency, we are reprinting, in short, readable articles, a 
Code of Lighting, prepared by committees of the Illumi- 
nating Engineering Society. This code is a practical 
summary of information pertaining to the illumination 
of shops and other work places. 

The first article appeared in the January issue. 


Section II. Vatue or ADEQUATE ILLUMINATION.— 
Factory and mill owners are concerned in the matter of 
securing the largest output for a given manufacturing 
expense. An improved machine tool capable of increas- 
ing the product for given labor costs is most attractive, 
provided its first cost is within returnable limits out of 
the larger profits. Improved small tools, better methods 
of handling material, adequate crane service, fire protec- 
tion, good shop floors, accurate and efficient time-keeping 
methods, and similar items, vitally concern the shop man- 
ager; money is expended to realize excellence in these 
features because they afford increased economies and pro- 
tection, thus resulting in a higher efficiency of the plant. 


Effect of Good Light on Production—Arguments of 
a convincing nature, which insure to the factory or mill 
manager an increased output through improved illumina- 
tion service, are of importance and even greater at times 
than reductions in the cost of illumination for the same 
quantities of light. In view of the fact that resulting 
advantages of superior illumination on increased output 
are apt greatly to exceed economies in operation cost as 
regards the lighting system, it is a distinct advantage to 
direct and hold the attention on the former rather than 


* Code copyrighted by the Illuminating Engineering Society. 


on the latter. This statement will be more apparent when 
interpreted into definite items as follows: 


Advantages of Good Light.—While the necessity of 
good natural and artificial light is so evident that a list 
of its effects may seem commonplace, these same effects 
are of such great importance in their relation to factory 
and mill management, that they are well worth careful 
attention. The effects of good light, both natural and 
artificial, and of bright and cheerful interior surround- 
ings, include the following items: 


Reduction of accidents. 

Greater accuracy in workmanship. 

Increased production for the same labor cost. 
Less eye strain. 

Promote better working and living conditions. 
Greater contentment of the workmen. 

More order and neatness in the plant. 
Supervision of the men made easier. 


In this list it will be noted that items 4, 5, 6, 7 and 8 all 
have a bearing on accident prevention. 


Interpreting the Advantages of Good Light.—While 
the major consideration in the eyes of the factory or mill 
owner is undoubtedly and quite naturally the money value 
of good light in the larger return of both quantity and 
quality of work which may result from the installation of 
a superior as compared with an inferior lighting system, 
it should be noted that it is very difficult to interpret into 
dollars and cents the value of good light made possible by 
such returns. This difficulty is due to the necessity of 
keeping all conditions in a factory or mill section abso- 
lutely constant while varying the amount of illumination 
from poor to good conditions, in an effort to determine 
the output and its dependency on the lighting facilities. 
As accurate data becomes available, giving the increases 
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in production for certain specific improvements in artifi- 


cial lighting, it will doubtless prove helpful to a proper 


interpretation of adequate light and its worth to any plant. 

The eight foregoing points are emphasized as forming 
the most important features in the problem of good light- 
ing. Although difficult to interpret into money values, 
and somewhat intangible, they are indisputable arguments 
in favor of the best available illumination from the stand- 
point of the factory or mill owner. 


Practical Example-—Continuing from the manufac- 
turer’s point of view, it may be said that certain assump- 
tions as to energy cost, cleaning, interest and depreciation, 
show that the annual operation and maintenance cost for 
the illumination of a typical shop bay of 640 square feet 
area, may be taken at $50.00. If five workmen are em- 
ployed in such a bay at an average wage of say 25 cents 
per hour, the gross wages of the men in such a bay, plus 
the cost of superintendence and indirect shop expense, 
may equal from $5,000 to $7,000 per annum. In a case 
of this kind, therefore, the lighting will cost from 7/10 to 
1 per cent. of the wages, or the equivalent of less than 
4 to 6 minutes per day. We may roughly say that a poor 
lighting system will cost at least one-half this amount 
(sometimes even more through the use of inefficient lamps 
and a poor arrangement of lamps), or the equivalent of 
say 2 to 3 minutes per day. Nearly all factories and mills 
have at least some artificial light, hence, in general, if 
good light enables a man to do better or more work to the 
extent of from 2 to 3 minutes per day, the installation of 
good lighting will easily pay for the difference between 
good and bad light, through the time saved for the 
workmen. 


Actual Losses.—Superintendents have stated in actual 
instances, that due to poor light their workmen have lost 
much time, sometimes as much as from one to two hours 
per day on certain days. If good light will add an average 
of say one-half an hour per day to the output, these 30 
additional effective minutes represent an increase in out- 
put of 5 per cent., brought about through an expenditure 
equal to % of 1 per cent. of the wages for improved light- 
ing, or a saving equal to ten times the expense. 


Safety.—While these features are of special interest in 
the eyes of the manufacturer, the principal item to con- 
sider, perhaps, from the legislative side of the question, 
is the necessity of an act or acts to provide employees of 
workshops with proper and sufficient illumination from 
the standpoint of safety. The legal aspect of the safety 
question in its relation to illumination in factory and mill 
buildings is a topic of unusual importance. 


Section III. Otp anp New Lamps.—The inadequate 
means available for illumination by artificial methods in 
the past have contributed to the slowness of an apprecia- 
tion of the features of artificial light which influence the 
working efficiency of the eye. Open flame gas burners, 
carbon incandescent and are lamps, practically the only 
illuminants available ten years or so ago, play but a small 
part in the present approved methods of factory and mill 
lighting. 

New Lamps—tThe large variety of comparatively new 
lamps available for factory and mill lighting includes the 
mercury vapor, metallized filament, tungsten, gas filled 
tungsten, metallic flame or magnetic arc, the flame carbon 
arc, the quartz mercury vapor, and various types of gas 
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arc lamps. Remarkable improvements have thus been 
made in both the electric and gas lighting fields, the same 
general rules of applying the lamps covering both of these 
fields. Possibilities in factory and mill lighting are now 
attainable which, before the introduction of these new 
lamps, were either unthought of or impossible. Con- 
sideration of the eye as a delicate organ, together with the 
new ideas of the items which affect its comfort and effi- 
ciency, have resulted in establishing certain principles in 
illumination work, and have directed attention naturally 
and in a growing manner to the proper use and applica- 
tion of these new lamps. 

Section IV. Errects on Factory AND Mii LicHT- 
ING PropucEp By Mopern Lamps.—With the introduc- 
tion of these new gas and electric lamps, broader possi- 
bilities have been presented in factory and mill lighting. 
The use of units of sizes adapted to the purposes, allows 
results which it has been hitherto impossible to obtain 
satisfactorily, either by the arc lamp, carbon filament or 
open flame gas burner, formerly available. 

New Possibilities—It is evident that the introduction 
of the many new lamps has made possible what may be 
termed a new era in industrial illumination, a distinctive © 
feature of which is the scientific installation of the light- 
ing units, suiting each to the location and class of work 
for which it 1s best adapted. Before the availability in 
recent years of medium sized gas and electric units the 
choice of the size of unit for a given location was often 
no choice at all. In many cases, due to small clearance 
between cranes and ceilings, or other conditions making 
it necessary to mount the lamps very high above the floor, 
but one size or type of unit was available, the carbon 
filament or open flame gas burner in the former, and the 
arc lamp in the latter case. 

Low Ceilings——For low ceilings, up to 18 feet, the use 
either of carbon filament, open flame gas burner, or arc 
lamps resulted usually in anything but uniform light over 
the working plane, and often produced merely a low gen- 
eral light which was practically useless for the individual 
machine. In such instances, individual lamps had to be 
placed over and close to the machines. With this arrange- 
ment, relatively small areas are lighted by each lamp, 
and the metal shades usually employed serve only to 
accentuate the “spot lighting” effect. Such a form of 
illumination for factory and mill work is unsatisfactory 
and inefficient, but, as stated, was in the past, in many 
cases, the only available scheme. The absence of lamps 
of the proper size is no longer an excuse for the existence 
of such conditions in industrial plants. 

SECTION V. GENERAL REQUIREMENTS OF ARTIFICIAL 
Licutinc.—The following requirements for factory and 
mill lighting are made all the more important by the 
peculiar limitations and the wide variety of conditions to 
be found in factory and mill buildings and in factory and 
mill work: 

1. Sufficient illumination should usually be provided for 
each workman irrespective of his position on the floor 
space. 

2. The lamps should be installed and selected so as to 
avoid eye strain to the workmen. 

3. The lamps should be operated from sources of sup- 
ply which will insure reliable illumination results, parti- 
cularly on account of the demoralizing effect produced by 
intermittent service when the light is most needed. 

4. Adequate illumination should be provided from 
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overhead lamps so that sharp shadows may be prevented 
as much as possible, and in such measure that individual 
lamps close to the work may be unnecessary, except in 
special cases. 

5. The type and size of lamp should be adapted to the 
particular ceiling height and class of work in question. 

6. In addition to the illumination provided by overhead 
lamps, individual lamps should be placed close to the work 
if they are absolutely necessary in the eyes of a lighting 
expert, and in such cases the lamps should be provided 
with suitable opaque reflectors. 

These requirements may now be met by means of the 
new types of gas and electric lamps, one type of which 
can usually be found for practically each factory and mill 
location, specially adapted to the general physical condi- 
tions of the location as typified by the clearance between 
cranes and ceiling and other similar items. 

Section VI. OVERHEAD AND SPECIFIC METHODS OF 
ARTIFICIAL LIGHTING.—Factory and mill lighting may be 
classified under two general divisions: first, distributed 
illumination furnished from lamps mounted overhead , 
and second, specific illumination furnished by individual 
lamps located close to the work. For practical purposes 
this classification is sufficient. In numerous case: a com- 
bination of these two methods becomes necessary. 

Mounting the Lamps High.—Where the lamps are high 
enough to be out of the line of ordinary vision, and are of 
a size and so spaced as to furnish illumination at any 
position of the floor where work may be carried 
on, the system is referred to as the overhead method of 
lighting. This method has many advantages. Its general 
adoption, which has been somewhat slow, has increased 
with the appearance of the many new types of lamps and 
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with the growing appreciation of the value of good 
lighting. 

Where a small amount of general or overhead lighting 
is coupled with specific hghting from individual lamps, a 
large part of the floor space in many shops is in relative 
darkness, and much dependence must be placed on the 
hand lamps close to the work. The small number of over- 
head lamps generally used in such cases, furnishes merely 
a small amount of additional illumination over the floor 
space which is not sufficient to be of much value. How- 
ever, where sufficient intensity is provided by general 
illumination, this 1s often a very effective means of light- 
ing a large workroom. 

Low Ceilings.—Locations with low ceilings, until re- 
cently, have been lighted by the individual hand lamp 
method, because the old carbon filament lamps, being of 
low candlepower, could not well be used close to the ceil- 
ing, while the old type of arc lamp was often imprac- 
ticable, due to its large physical size, as well as its rela- 
tively high candlepower. This statement is subject to 
some modification, because low candlepower units have 
sometimes been used in clusters for low ceilings as a com- 
promise between a single small or a single large unit, this 
scheme being, however, usually insufficient and unsatis- 
factory in comparison with modern methods of lighting. 
In a particular manner, therefore, suitable illumination 
has been difficult with low ceilings. 

New types of gas and electric lamps have a range of 
candlepower from very low to very high values, and the 
overhead system with the elimination of individual lamps 
is thus possible; in other words, a size of gas or electric 
lamp may now be selected from a large available list of 
sizes for nearly every factory or mill condition. 
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J- Al. Wickman* 
XVI 


The transformer is a piece of electrical apparatus 
that is designed to take alternating current from the 
supply mains at a certain voltage and frequency and 
to deliver current to a receiving circuit at a different 
voltage but at the same frequency. There is but one 
condition that must be precisely met in its design and 
that is the ratio of primary to the secondary turns 
must be equal to the ratio between the prescribed 
primary and secondary voltages. All other points of 
design are but a matter of choice, to be determined 
by experience. Nevertheless, the designer of trans- 
formers should strive for: 

1—Good insulation, 
2—Good regulation, 


3—High efficiency, _ 
4—Small open-circuit current, 


*General Foreman, Electric Department, Illinois Central, Chicago. 


7—High safety factor. 


Some of these conditions are opposed to others, as, 
for example, high efficiency and low first cost. The 
allowable temperature rise varies widely with the dif- 
ferent makes, also the extent of radiating surface 
required per watt loss per degree rise in temperature 
varies between extremely wide limits, hence no simple 
rule can be given to govern these matters. 


Construction 


The transformer is made essentially of three ma- 
terials, namely: copper, steel and insulation. The cop- 
per is in wire form, wound on the core which is com- 
posed of laminated iron or steel. Designers of trans- 
formers are using Silicon steel because cores made 
of. this steel are non-aging. After the winding 1s 
done, the assembled coils and cores are placed and 
fastened in an iron case. The coil leads are then 
brought out through the insulating bushings to the 
outside for connection purposes. 
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Cores and Coils 


The coils of most transformers are form wound and 
surround the laminated core.’ An assembled core 
manufactured by the General Electric Company for 
one type of transformer is shown in Fig. 1. It is built 
up of laminated steel without the use of any insulating 
material between the sheets of steel, as is generally 
used to prevent eddy currents, and then riveted to- 
gether, the rivets being insulated from the core proper. 

The shape of a core built up in the manner shown 
provides a better duct for the insulating oil to flow in 
and thereby lessens the heating effects. The assem- 
bling of the coils and the core is very simple. If the 
core is of the solid constructed form shown in Fig. 
1, the coil is slipped over the core, but if the core is 
to be laid up piece by piece around and in the coil, the 
coils are wound on a form, then the small pieces of 
the core are placed, one by one, around the coils. 

Different manufacturers assemble the coils in vari- 
ous ways, some have the secondary coil next to the 
core, some have the primary next to the core and 
others mix the two by placing different layers of the 
secondary next to the layers of the primary. There 
is no stated law or rule governing this point. 


Transformer Cases 


The design of the transformer case depends upon 
the type of transformer to be placed within it, and 
upon the cooling system used. Usually, however, they 
are made of cast-iron. Large air-cooled transformers 
have upright standards at each corner and a cast 
cover with an air damper within it. The center part 
between the standards is sheet-iron fastened to the 
upright parts by machine screws. The type of case 
that would be used for the core shown in Fig. 1 is a 
one-part cast-iron case provided with a cover of the 
same material. 


Types of Transformers 


The student will gather from the preceding para- 
graph that there are different types of transformers 
and that each type derives its name from the method 
by which it is cooled, namely (1) oil cooled, (2) air 
cooled, and (3) water cooled. 


Oil Cooled Transformers 


After the coils and core are placed within the case, 
it is filled nearly to the top with oil which carries the 
heat generated by the coils to the case frorn which 
it is dissipated into the air. The coils are therefore 
kept at a safe operating temperature, providing the 
transformer is not overloaded. 


Air Cooled Transformers 


The laminations are separated by fillers, placed be- 
tween them to allow a circulation of cool air to pass 
through, which collects the heat and is forced to some 
outside duct, thereby cooling the transformer. The 
air is supplied from a fan which receives its air supply 
from an out-of-door source. The air is forced into 
the transformer from the bottom side, through and 
around the core and coils, thence out through the 
damper at the top. The air pressure used for cooling 
transformers varies from one to four ounces per 
square inch. Like the oil cooled transformer, this 
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type will remain at a safe temperature, if not over- 
loaded. 

The motors that are generally used for running the 
blower set are, as a rule, connected to the secondary 
side of the transformer which is to be cooled, and are 
self-starting. In this way the blower set operates only 
when the transformer is being used. If the blower 
motor was connected to some other circuit and if this 
circuit failed the transformer would soon be damaged 
due to overheating. The correct size of blower motor 


Fig. 1. An Assembled Core for One Type of Transformer. 


varies according to the pressure carried and the size 
of transformer to be cooled—the per cent of total 
output of the transformer used in cooling is but small, 
often not amounting to more than 1 or 2 per cent. 


Water Cooled Transformer 


This type of transformer resembles the oil cooled 
transformer and like it is filled with oil. The water 
coils are placed within the case and are covered with 
oil. The circulation of the water by convection cur- 
rents cools the oil which in turn cools the coils and 
core. 

The water cooled transformer, like the air blast 
transformer, will safely operate but a very short time 
without water, but this type of transformer may be 
overloaded to a greater extent than either of the two 
heretofore mentioned, because of its greater radiating 
properties. . 

Transformer Oil 


A special grade of oil known as transil oil, which 
has been found by experience to be best suited for 
the purpose, is used for all insulated transformers. 
This oil will absorb but little moisture from the air 
even when directly exposed to it, but moisture may 
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collect on the interior portions of the case which are 
not covered withm oil, or on the upper surface of the 
oil itself if the case is considerably below the tem- 
perature of the surrounding air. Little danger can 
arise, however, if the transformers are continually 
used and if the air in the room is kept at about the 
same temperature. 


x B 


Primary 


NAN 


AA “ 


Secondary 3 
Xteey: A 8 
Fig. 2. Diagram Showing How the Connections to the Coils in a 
Typical Transformer Are Brought Out of the Transformer Case. 


Transformers that are to be operated on a high 
voltage circuit must be filled with the very best transil 
oil obtainable and all such oil should receive a spark 
gap test before using, so that the breakdown voltage 
will be known. A voltage break down test may be 
made as follows: A graduated cylinder (preferably 
glass) is filled with oil to be tested, the bottom having 
a contact terminal in it. The other terminal is lowered 
to within a small fraction of an inch of the bottom 
terminal and the voltage applied. The testing voltage 
is supplied by a transformer from which a varying 
voltage may be obtained and to which a voltmeter is 
connected to take readings. The voltage is regulated 
until a breakdown of the oil insulation is noticed, 
which occurs when small bubbles of gas and oil pass 
from one terminal to the other and a cracking noise 
is heard, and the oil appears to vaporize as smoky 
bubbles. At this point a reading should be taken trom 
the voltmeter. 

The presence of a very little moisture in transil oil 
will materially lessen its insulating qualities. Test 
records show where oil had stood 40,000 volts with a 
dry tube, but when the test tube was moistened by 
means of the breath and the oil put back and retested, 
it broke down at 15,000 volts. 

To realize the high insulating properties of transil 
oil, tests on record show 33,000 volts broke down the 
insulation of a two-inch air gap and 40,000 volts broke 
down a 27-inch air gap, yet at the same time it required 
48,000 to 63,000 volts to break down the insulating 
properties of oil with a spark gap of only % in. 


Treatment of Oil 


If transformer oil does not hold up to the required 
test voltage, the following treatment will increase its 
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insulating properties: A tank or a clean barrel makes 
a good filter for treating oil. A barrel with an outlet 
valve may be used by placing a very small mesh 
strainer over the valve outlet, then put six inches of 
very dry of baked sand in the bottom of the barrel 
and then six inches of unslacked lime and alternate 
with sand and lime until there are three layers of each. 
On the top layer place another small mesh screen or 
cloth and then a layer of dry straw and let the oil 
filter through all and it will be found that good clean 
oil with high insulating properties will be obtained 
from most any transil oil. A deposit usually forms in 
the bottom of the oil containers and whenever this is 
noticed it is well to remove the oil and filter it out. 

What has been said of oil for transformers applies 
to oil used with all electrical apparatus where transil 
oil is used to break arcs or for insulating qualities as 
in the case of auto-starters, compensators, induction- 
regulators, arc-light regulators, etc. 

When no means are available for testing oil by the 
voltage test a rough method is to place a sample of 
the oil in a bottle and let it stand for an hour or 
so and if there is any water present it will drop to 
the bottom and if any water is noticed the oil should 
be treated. 


Terminals on Transformers 


All transformers have two windings that are called 
the primary and secondary and each winding is usually 
made up of two coils. There are usually two leads 
brought out through the case at each of the front 
corners, these are the low voltage or secondary ter- 
minals of the winding, while at the back corners other 
smaller wires which are the high voltage terminals or 
the primary terminals are brought through the case. 

Nearly all older types of small capacity transform- 
ers have terminal blocks located on the top of the 
coils and core inside the case, but this practice is fast 
being discontinued on account of insulation break- 
downs, caused by lightning. Small transformers are 
nearly always designed to operate on different volt- 
ages, both primary and secondary; for an example, 
each primary coil may be wound for 1,100 volts, which 
would mean if the oils were connected in series that 
this same transformer could be operated from a 2,200- 
volt primary circuit. 

From observation it will be noticed that there are 
usually but two wires from the primary side of the 
transformer brought out to the outside, and the stu- 
dent will remember that if ever the occasion calls for 
a change in the primary connections it must be done on 
the inside of the case. 

In nearly all small transformers, there are four leads 
brought out through the case from the secondary 
windings, and if it is required to operate the trans- 
former on different voltages the connection changes 
are made on the outside. For an example: Suppose 
that each of the secondary coils were wound for 110 
volts, this would mean that the two coils were to 
operate in parallel on this voltage while if 220 volts 
was desired from the same transformer, with the same 
primary voltage, the two coils could be connected in 
series. As shown in Fig. No. 2, the leads, after 
leaving the coils, are crossed over so that one wire 
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from each coil is brought out near the other. It is 
standard practice with all manufacturers to do this, 
and these two wires that lay so near together are of 
the same polarity, thus if a transformer, as shown by 
diagram in Fig. No. 2, was to operate on 110 volts, 
the two leads A and B at the right of the diagram 
would be connected together and likewise with those 
atithe left marked) X andiy, 

Now by referring to the same diagram and assuming 
that this transformer was wound for 220 or 110 volts 
on the secondary side, to obtain these voltages we 
would make all the connections as follows: number- 
ing the leads from left to right 1, 2, 3 and 4, 110 volts 
would be obtained by connecting 1 and 2 together and 
3 and 4 together, but if we wished 220 volts we could 
connect 2 and 3 together, then 1 and 4 would have a 
difference of potential of 220 volts. The student who 
is not familiar with transformers will’remember that 
not all transformers are connected this way but a 
safe rule to follow is to read the name plate which 
always specifies the primary and secondary voltages 
and if only one voltage is specified for each side they 
are the only ones obtainable, but if there are two or 
three for each side then these instructions may be 
followed. 

Insulation 


Insulation is a very important part of the trans- 
former. As the copper and steel change but little with 
age and show practically no deterioration, it is evi- 
dent that the insulating materials, being made of fab- 
rics and paper, will be the first to cause trouble. The 
following points should be considered in insulating 
a transformer: 
1—Each turn of wire should be insulated from all others by 
the cotton covering or enamel. : 

2—Each layer of wire composing the coils should be insulated 
from all other layers by japanned fibrous material or parch- 
ment paper. 

3—Each coil should be separated from the others by fibrous 

material and entirely encased in several windings or var- 
nished cambric; also there should be oil ducts between the 
primary and secondary coils so that the possibility of the 
primary coming in contact with the secondary is reduced 
to a minimum. 

4—Each place where the coils and core come in contact should 

have special horn fibre placed between them. 

5—All windings should, therefore, be insulated from the case, 

core and earth so that there will be a high factor of safety 
and as little leakage as possible. 


All insulation used in building up a transformer 
should be tested with a voltage several times that 
with which it is to be used, and then impregnated with 
oil. To define transformer insulation in few words 
would be to say that it should receive first attention 
at all times. 


Bushings 


Where the wires pass from the inside to the out- 
side of the case there must be some kind of insulating 
bushings. These are generally nothing more than 
a porcelain tube, filled with an insulating compound 
where the voltage is low, but where very high voltages 
are used, special outlets made of porcelain or other 
insulating material are used, these in turn being held 
in place by means of a fibrous board which also has 
high insulating qualities. The lead is then taped with 
several layers of varnished cambric and passed 
through the porcelain bushing. 
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One of the special terminals and bushings made by 
the General. Electric Company is shown in Fig. 3. - 
This company manufactures another type of bushing 
filled with transformer oil which has given remarkable 
Success: 


Transformers with Condenser Terminals 


With voltages from 60,000 and up, terminals and 


Fig. 3. Special Bushings for High Potential Transformers 


bushings of the condenser types are often used. These 
terminals consist of a conducting rod surrounded by- 
a number of concentric condensers of predetermined 
electrostatic capacity, arranged so that in effect they 
are connected electrically in series. The) terminalgis 
tapered towards the ends in steps, one step at the end 
of each metal layer. By this arrangement of metal 
cylinders, the potential difference between them is 
fixed by the design and, hence may be kept within 
the limit of puncture strength of the insulation. More- 
over, as the edges of each metal layer extend to the 
edges of the cylinder of insulation immediately sur- 
rounding it, the potential gradient along the surface 
is practically uniform. The voltage stresses are dis- 
tributed throughout the material equally and not con- 
centrated at the surface, It is also freé ircm@earona 
when it passes through the case. 

Very few air cooled transformers require bushings 
as the connections are made from the underside di- 
rectly to the terminal board which is provided with 
each transformer. 
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Single-Phase Motors 
XI 


As one of the principal uses of alternating current is 
for the operation of motors, it might be of considerable 
interest to discuss briefly the elementary principles which 
are involved in the design of various types of alternating 
current motors, both single and polyphase. 

Alternating current motors generally are composed of 
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acteristics of the single phase motor is to assume that the 
current supplied to the motor produces two equal mag- 
netic forces which revolve around the space between the 
rotor and stator at synchronous speed in opposite direc- 
tions and, being equal and opposing, prevent the condition 
necessary for rotation, namely, one force in excess of 
another, and of sufficient strength to overcome its effects. 

Perhaps the most common method of starting single 
phase induction rotors is to provide an arrangement 
which distorts or splits the phase of the current supplied 
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Fig. 1—An Alternating Motor of the 
Simplest Type. Such a Motor is Not Self- 
Starting. 


two elements, the primary, which is usually stationary and 
sometimes called the stator, and the secondary, or rotat- 
ing element, which is usually called the rotor. 

Single phase motors are generally of the induction or 
commutator type, while polyphase motors are usually of 
the induction type for ordinary service. The synchronous 
motor is in effect an alternating current generator in that 
the construction is practically the same and a separate 
source of direct current field excitation is required for its 
operation. 

It has been stated in one of the earlier installments of 
this series that a single phase motor is not self-starting 
unless provided with some form of special starting device. 
This is exactly the case, unless some means is introduced 
to bring the rotating element up to speed. When a single 
phase motor is once started it will continue to operate 
from a single phase source of supply. It is also true that 
a simple single phase motor will operate in either direc- 
tion equally well when once started. 

Fig. 1 shows a diagram of an alternating current single 
_ phase motor of the simplest type. This motor is not self- 
starting for the reason that if a source of alternating 
current is connected to the terminals A and B, the por- 
tions of the ring on each side of the vertical line would 
become N and S poles with every reversal of the current. 
This condition would have no effect on the rotor, as its 
polarity would change with the polarity of the fields. 

Another method of explaining the non-starting char- 
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Fig. 2—A Single-Phase Induction Motor 
Started by the Split-Phase Method. 


Fig. 3—One form of Repulsion Motor 
which is Started Like a Direct-Current 
Series Motor. 


and thus produce the conditions necessary for starting. 

Fig. 2 is similar to Fig. 1, except that a source of cur- 
rent is supplied to the ring at two points, C and D, located 
midway between the terminals A and B. With the cur- 
rent supplied to terminals C and D, differing in phase 
from that supplied to A and B by a quarter period, the 
poles A and B will travel about the ring in the direction 
A C B D and the rotor will be dragged around in the 
same direction by the changes in the field. 

In the split phase method of starting the current at 
C and D, is taken from the same source of supply as that 
furnished to terminals A and B, the distortion of phase 
being effected by proper reactance effect placed in the 
supply to A and B and a non-induction resistance in the 
supply to C and D. The poles A and B may be termed 
the main winding and the poles C and D the auxiliary 
winding, the latter being usually much smaller than the 
former and arranged to be cut off after the rotor had 
reached its full speed condition. 

Proper proportioning of the reactance and resistance 
mentioned above produces what may be termed an ellipti- 
cal revolving field, the displacement of the phases being 
the difference between the major and minor axes of the 
ellipse. 

While the split phase method of starting single phase 
motors was the first means to be used, certain inherent 
characteristics rendered its operation not entirely satis- 
factory and it has been replaced by what is commonly 
known as the repulsion motor. 
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If an ordinary direct current motor is provided with 
laminated field magnets and the field magnets excited by 
a source of alternating current supply, currents will be 
induced in the armature winding, provided the brushes 
are set at the proper angle, which is 45° from the correct 
direct current position for a two-pole machine. 

The induced currents in the armature will be acted 
upon by the alternating field so as to produce the torque 
necessary to rotate the armatures. If the rotor is 
operated as a direct current motor while starting, and is 
provided with an arrangement by which the commutator 
bars are short circuited when up to speed, we have what 
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Lesson No. 
The Ampere Hlour Meter 


In our lesson No. 26, March, 1914, we described the 
resister type of ampere hour meter such as is used in 
controlling the battery charge in connection with the axle 
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is in effect the repulsion single phase rotor, perhaps the 
most satisfactory form of single phase motor yet devised. 
It will be noted that the short circuiting effect on the 
commutator transforms the motor when operating into 
an induction motor. 

There are'a great many methods in use for the starting 
of single phase motors, but practically all are various 
modifications or combinations of the split phase and the 
repulsion methods. 

Any polyphase motor will operate on single phase cur- 
rent when once brought up to rated speed, but with a 
reduction in capacity of about 40 per cent. 
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couple for making the meter extremely accurate on light 
loads, causing it to register the discharge current of even 
one or two lamps. In fact, the thermo-couple adjustment 
may be set so as to make the meter actually creep on open 
circuit, thereby registering a slow discharge on the meter 
even though all lamp circuits be open. Every battery 
loses a certain amount of its capacity on standing due to 
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Fig. 250. Diagram Showing Meter Registration at Various Rates of Charge and Discharge With and Without the Thermo-Couple 


Feature. 


The Dotted Lines Show the Operation of the Meter Without a Thermo-Couple While the Solid Lines Show the Opera- 


tion With the Thermo-Couple. 


generator or head end systems. The principles of opera- 
tion of the meter and its general construction were fully 
discussed at that time and will not be repeated here, the 
purpose of this lesson being rather to discuss some of the 
recent improvements in the ampere hour meter and the 
problem of its proper maintenance and repair. 


Thermo-Couple Feature 


Probably the most important recent development in the 
ampere hour meter is found in the use of the thermo- 


local action, grounds, etc., and the creeping effect of the 
meter can be set so as to approximately equal the dis- 
charge while standing on open circuit and thereby auto 
matically keep the meter in step with the battery so that 
it will at all times register the true ampere hour capacity 
remaining in the battery. 

The action of the thermo-couple depends on the well- 
known principle that when two unlike metals are welded 
together and heat applied to the joint a potential is gen- 
erated by the action of the heat on the joint, then when 
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the cold ends of the welded piece are connected to an 
electrical circuit a current will flow just in the same man- 
ner as if the thermo-couple had been a storage battery or 
a generator. This thermo-couple, as employed in the 
ampere hour meter, is a tiny affair, but has sufficient 
power to circulate a maximum current of about ™% of 
an ampere through the meter. The terminals of the ther- 
mo-couple are connected directly across the current 
terminals of the meter, so that the thermo-couple is virtu- 
ally short circuited by the meter, except that an adjustable 
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Fig. 251. Meter With Case Removed to Show Thermo-Couple 
Slide Wire Adjustment ‘R.’’ 


resistance R, Fig. 251, is in series to set the meter as 
desired on light load. The voltage developed, however, 
is extremely feeble and sufficient only to force a small 
current to flow as stated above. The result of using the 
thermo-couple is that it causes the meter to creep in a 
discharge direction at the rate of about ¥% of an ampere 
hour per hour, for a 40 ampere meter. 

The heat is applied to the joint of the thermo-couple 
by means of the small electric heating coil A, Fig. 252, 
which is wound around the joint of the two metals. 
Current for operating this little heating coil is taken 

either from the battery terminals direct or from the out- 
side of the main lamp switch, as desired. In the first case 
the meter would creep all the time, and in the latter would 
creep only when the lights are on, the current itself being, 
of course, recorded on the ampere hour meter. Inasmuch 
as the battery leakage goes on all the time, it would seem 
proper that the meter be set to creep all the time to com- 
pensate for it. 


Operation with the Thermo-Couple 


It is interesting to note the practical results obtained 
by the using of this thermo-couple. They are shown 
fairly well in the accompanying curves, which give the 
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per cent of registration for the various rates of charge 
and discharge. It will be noted that the meter is adjusted 
to record 100 per cent correct at full load discharge, and 
will record but 85 per cent of the true ampere hours when 
charging at the full load rating of the meter. The rating 
of the meter is usually given both on the dial and on the 
main shunt on the back of the meter. This difference 
between per cent registration on charge and that on dis- 
charge can, of course, be varied at the will of the operator 
by simply making proper adjustment in the variable 
resistor. 

The dotted lines for charge and discharge show the 
operation of the meter when no thermo-couple is used, 
while the solid lines show its operation with the thermo- 
couple feature. It will be noticed that on light load dis- 


Fig. 252. 


Two Views of the Thermo-Couple. 
Left Shows the Forked Ends of the Two Metal Strips Which Are 


The View at the 


Connected to Binding Posts in the Meter. The View on the Right 
Shows the Small Coil Wound Around the Junction of the Two 
Strips of Two Different Kinds of Metal. 


charges the per cent registration of the meter with the 
thermo-couple attachment rises considerably, being 120 
per cent at 5 per cent load. In other words, with a 3 
ampere current flowing through a 60 ampere meter, the 
meter would actually record at the same rate as if the 
3.6 amperes were flowing through the meter without the 
thermo-couple. 

The thermo-couple then contributes about 6/10 of an 
ampere, and this current, even with all lamp circuits open, 
will cause the meter to record a discharge of about % of 
an ampere hour per hour as above mentioned. There is 
a slide wire adjustment feature which makes it possible to 
increase or decrease the creeping, and this is shown at FR, 
Fig. 251; raising the slider increases the creeping and 
vice Versa. 

It will be noticed from the curves of Fig. 250 that when 
the current is flowing in a charging direction the thermo- 
couple opposes the flow of the current through the meter 
and causes it to register at a slightly slower speed; this, 
at full load, being about 84 per cent instead of 85 per cent 
as without the thermo-couple. At the lower charging 
rates, on the other hand, the meter exerts a more power- 
ful influence just as it did on low discharge rates, but in 
the opposite direction causing it to record only 75 per cent 
of the true ampere hours charge with % rated load and 
but 67.6 per cent of true ampere hours at 1/10 load. 

The meter will record a fairly large percentage of the 
low rate charge, such as the battery receives when 
operated near its floating potential. The battery will then 
automatically be given a slight overcharge in excess of 
the 15 per cent provided for by the variable element of 
the meter. This, however, in actual service will be smal: 
in number of ampere hours overcharge, and instead ot 
working any injury to the battery will actually be bene- 
ficial since it will serve as an additional check on the 
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operation of the meter and keep the battery in a full state 
of charge. 
Quick Break Contact 


The quick break contact, which has recently been 
developed for car lighting type ampere hour meters, is 
another feature worthy of note. The meter dial hand, 
instead of simply making a butt contact as it comes around 
to the zero point, engages a dog which is pivotted and 
bears against a spring carrying a platinum contact caus- 
ing it to make contact with similar platinum point above 
thus closing control circuit. 

After the dial contact has been made and battery charg- 
ing discontinued, the meter is no longer driven in a charg- 
ing direction. Accordingly, the contact remains closed 
until the battery has discharged so that the meter hand 
moves back about 1/12 the full dial revolution, at which 


IIIT. 


| 


il 


“ 


kFebruary Meeting New York Car 
Liginting Association 


ihe edison Storage Battery 
im Railway Car Lighting 


By Ilarold Wl. Smith* 


The conditions of train lighting service are among the 
most favorable to which a storage battery can be sub- 
jected. The rates of charge and discharge are prede- 
termined and fixed by the use of various forms of 
regulators and controllers, and the batteries are usually 
cared for under a carefully systematized plan. All of 
this tends to make possible a routine comprising the con- 
ditions recommended by the battery manufacturers as 
productive of the most favorable results. 

The service requires of the battery that it be reliable— 
always ready when called upon to do its work—constant 
in its characteristics and requiring the minimum of spe- 
cial treatment in order that it may readily adapt itself to 
the routine necessary in this work. Given, therefore, a 
battery that is adaptable to routine, we find that the 
service which imposes the most nearly ideal conditions 
for that battery is that which is routine. Economy is also 
a matter of supreme importance and is one that is given 
perhaps more earnest and detailed consideration by the 
railroads than by any other class of battery users. _ 


Battery Construction 


The structural features of the battery are distinctly 
different from those of other storage batteries and it is 
hardly necessary, here, to describe them. A brief review, 
however, of the salient features may serve to inform some 
and refresh the memory of others. 

Externally the cell appears as a sealed metallic con- 
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time the meter dial contact is opened instantaneously. 
Meter Troubles 


Some of the earlier types of meters gave trouble, due 
to the softening of the shellac-mica composition of the 
armature chamber under the excessive heat in some car 
lighting lamp regulator lockers. This softening and 
warping of the armature chamber caused the meter shaft 
to get out of alinement and the armature disc to bind. 
This trouble has been overcome by molding the armature 
chamber of bakelite or condensite. This material does not 
soften even under temperature as high as 400 degrees 
Fahrenheit. The meter sometimes gives trouble from 
other causes, and it will be interesting to now consider 
how these may be located and rectified. 

The testing and maintenance of the ampere hour meter — 
will be covered in the next article. 
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tainer with corrugated sides. Through the top the 
tapered poles project and between them there is a single 
opening which permits of filling with water or solution as 
required.. The hinged cover to this opening carries a 
loosely hung spherical hard-rubber segment, which seats 
against the mouth of the vent and prevents ingress of 
air or other foreign matter. At the same time it permits 
the cell gases to escape and acts as a separator for the 
moisture held in suspension by the escaping gases. The 
poles pass through stuffing boxes, which prevent the pas- 
sage of gas or liquid. The body of the cell is coated with 
a black insulating and protecting compound. The active 
elements of the cell are nickel and iron and the electrolyte 
is potassium hydrate in solution with a small quantity of 
lithium hydrate. 

The positive plate consists of spiral tubes made from 
perforated, nickel-plated steel ribbon. These are filled 
with alternate layers of green nickel hydrate and metallic 
nickel flake—about 300 layers of each. Each tube is 
strengthened by eight seamless steel rings, which circum- 
scribe it equidistantly along its length. Both ends of the 
tubes are flattened, forming terminals for clamping, under 
heavy hydraulic pressure, into the nickel-plated steel grid. 

The negative plate consists of flat pockets, likewise of 
perforated steel, nickel-plated, which are filled with finely 
powdered metallic iron. The nickeled steel grid is 
punched to receive the filled pockets and then the whole 
is subjected to a pressure of many tons. This pressing 
operation compacts the active material, corrugates the 
pocket surfaces and squeezes their edges into intimate 
contact with the grid. Each group of plates is then 
mounted on a horizontal rod attached perpendicularly to 
the lower end of one of the poles, and they are fastened 
in place by steel nuts and washers. For train lighting 
the A8-H cell is in most general use. The letter “A” 
designates the size of plates, the numeral indicates the 
number of positive plates, the negative being always one 
in excess, and the letter “H” signifies the high can previ- 
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ously mentioned as having been especially designed for 
this service. The finished cells are mounted three each 
in trays conforming to the standard dimensions long ago 
established for train lighting batteries. This necessitates 
the batteries being assembled with unnecessarily large 
spacing between the cells. Some railroads have found it 
profitable to depart from the standard practice and take 
advantage of this extra space by using smaller compart- 
ments, thus reducing the weight and cest. 

The weight of a standard tray of three A8-H cells is in 
the neighborhood of 100 pounds, which may be readily 
handled by one man. The battery for 30-volt equipments 
consists of 8 trays of 3 cells each and one similar tray 
containing only one cell. 


Effect of Temperature 


The alkaline battery has been the subject of much 
persistent criticism, because of its alleged susceptibility to 
temperature variations. I know that a number of the 
gentlemen present have satisfactorily disposed of this 
criticism out of their own experience, and it is useless to 
mention the matter to them. There are, however, some, 
doubtless, who still have “alkaline battery” and “‘tempera- 
ture effect’ crowded into the same compartment of 
memory’s storehouse, so that every time one is brought 
forth the other comes also. 

Strangely enough, little is said about high temperatures 
and yet it is high temperatures that is really the more 
temperature will naturally cause the electrolyte to evap- 
orate more rapidly than normally, especially if the high 
serious, because it may effect permanent injury. High 
temperature is caused by high charging rates. If the 
solution then gets below the plate tops the heating effect 
is aggravated through increased current density at the 
surfaces immersed and so, unless conditions are carefully 
watched when undue heating commences, it may rapidly 
get so far as to cause permanent injury. For short in- 
frequent periods the Edison battery will withstand severe 
heating better than other types, and it is for this reason 
that numerous batteries have come through destructive 
fires with no harm done except to the rubber parts, which 
may be replaced at small expense. And also why the 
battery survives sustained short circuits without harmful 
effect. In train lighting, injurious temperatures are sel- 
dom met with, for the rates are almost never very high 
and ventilation is usually sufficiently provided in warm 
weather. On Southern roads it has been observed that 
where conditions are kept right the battery is seldom 
more than 5 degrees warmer than the surrounding air. 
The car lighting equipment of the Panama railroad in- 
cludes none but Edison batteries. 

And again we must discuss conditions when it comes 
to a consideration of low temperatures. In the laboratory 
it can unquestionably be shown that the alkaline battery 
is somewhat more susceptible to the effect of cold than 
are others. This is partly because of inherent character- 
istics, partly because of the metallic containers and partly 
because of the greater cell spacing. In service it has been 
shown beyond all question of doubt that cold can abso- 
utely be nullified by simple, inexpensive modifications of 
compartment design. The battery is self-warming—still 
air is a good heat insulator—a battery surrounded by still 
air keeps sufficiently warm for satisfactory operation. In 
a test made a year or two ago, a train lighting battery 
was housed in a tight metal compartment (except for 
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barely necessary ventilation to permit gases to escape), 
but with wind space all around the compartment itself. 
The test was made over a period of six weeks of the most 
severe cold weather. During this period there was a 
stretch of 11 days during which the temperature averaged 
32 below. A recording thermometer indicated that within 
the compartment the temperature had reached a minimum 
of 8 below, and yet throughout, the operation of the lights 
had been completely satisfactory. 

In January, 1914, Canada experienced the severest cold 
recorded for 38 years, and yet 23 Edison-equipped cars 
on the Canadian Pacific Railway gave service that com- 
pletely dispelled all fears on this score. Since that time 
their Edison equipment has been doubled and three other 
Canadian railroads have adopted the Edison battery, 

The ruggedness of the Edison battery becomes evident 
upon considering its mechanical features. It has been 
proven in the laboratory by allowing a cell to fall free 
half an inch one and three-quarter million times onto a 
solid plank of hard wood without injury to the cell. This 
is not unimportant in car lighting service where there are 
occasional wrecks and frequent jolts due to coupling cars. 


Chemical Impurities 


Chemical impurities are more harmful in an electro- 
chemical combination, such as a battery, than in any other. 
This is because of the action of the current. Under the 
influence of the electric current many inactive reagents 
become active, and when the current is periodically re- 
versed the chemical action of many impurities is repeated 
at each reversal. It, therefore, becomes evident that time 
is an important factor, as well as quantity. A small 
quantity of sulphuric acid, for example, in an Edison cell 
will do no harm if the electrolyte be quickly poured out, 
the cell carefully rinsed and refilled with fresh solution. 
But if the small amount be allowed to remain and the cell 
is kept in operation, the corrosive effect will sooner or 
later accomplish its evil work. It is for this reason that 
the use of pure distilled water for flushing must be rigidly 
insisted upon. It is the only kind of water whose con- 
stancy or purity can be depended upon. One reason for 
using the Edison battery is its long life—hence it is espe- 
cially important to observe the strictest standards of 
purity, for the time element is great. This is particularly 
true in train lighting service, for even the partial removal 
of impurities that takes place when the solution is changed 
occurs at comparatively infrequent intervals. 


- Renewal of Solution 


Solution renewal is necessary when the electrolyte has 
become so weakened in service, that, after a full charge, 
with the solution level at the proper height, the specific 
gravity is below the limit prescribed in the battery in- 
structions. Experience has demonstrated that this should 
occur ordinarily in from 18 months to 2 years. 

Some railroad men have, however, disregarded the in- 
structions of the Edison Company about changing the 
electrolyte every two years and have left the electrolyte 
in the battery for three or four years with no apparent 
ill effects. It may be, therefore, that the Edison Company 
was too conservative on this point. In any event, a 
method has now been found by which the old electrolytes 
may be rejuvenated, and the Edison Company will be 
glad to receive such old electrolyte, for which a substan- 
tial allowance will be made. 
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Flushing the Battery 


Flushing with distilled water is necessary from time to 
time to make up for the loss of water that occurs through 
gasing while the battery is on charge. It should not be 
required in ordinary car lighting service oftener than 
once every two or three weeks. If it is, it is an indication 
that something is wrong—probably either overheating, 
overcharging, or both—and the trouble should be found 
and corrected. 

One practice should especially be warned against, and 
that is the filling of cells with electrolyte when the solu- 
tion is found to be unusually low. If it has become low 
by neglect, the added solution will increase the density to 
a point where the plates are likely to be subjected to dan- 
gerous strains. Water should always be used unless it is 
positively and beyond doubt known that the solution be- 
came low through spilling. 

In car lighting service, where the battery is not con- 
stantly under the care of one man, it is especially neces- 
sary to eliminate danger to the apparatus or to the con- 
tinuity of operation by explicit rules, like the above, that 
“play safe.” Another variable that enters into the opera- 
tion of storage batteries, particularly under conditions of 
continually changing attendance, is the state of charge or 
discharge at any particular time. A driver of a storage 
battery truck or railway car who knows his car can make 
a pretty good guess by what he calls the “feel” of it. 
His judgment is contingent upon his running day after 
day the same vehicle with the same battery. In car light- 
ing no such condition exists and it 1s therefore highly 
desirable from the standpoint of service and economy to 
provide positive means of knowing just what net amount 
of current has gone to or from the battery. 

Ampere hour meters are now available which provide 
this information at all times under just such intermittent 
charging and discharging as it met with in railway light- 
ing, taking full account of the ampere hour efficiency of 
the battery. That the railroads are adopting the ampere 
hour meter is a good sign. 


Insulating the Trays 


I have previously mentioned that Edison cells and 
trays are coated with a protective insulating paint. It 
is hard to understand what a problem it has been to find 
a paint that meets all the required conditions of adhesive- 
ness, non-brittleness, elasticity and alkali-resisting ability. 
The matter has been gone into with great care and from 
time to time it has been possible to improve upon the 
product employed in one direction or another without 
sacrificing some other quality. It is believed that the com- 
pound now in use comes very close to having all the 
desired properties. Several commercial paints, however, 
have been approved for this purpose, as it is often con- 
venient or desirable for the user to purchase as he 
chooses. The paint is, of course, for the purpose of pro- 
tecting the cells from grounds and electrolysis. 

A rather recent development, also along this same line, 
is the adoption of a tray which provides support for each 
cell on hard rubber at four or eight points, according to 
the size of the cell, and leaving the bottom entirely free. 
Metallic bosses of ample proportions, spot-welded to the 
sides of the can, fit into recessed hard rubber buttons in 
corresponding positions in the tray slats, and these are 
the only points at which the cells are in contact with any- 
thing except the necessary electrical connectors. The 
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trays may have bottoms or not, according to individual 
requirements, but in any case the cells will not touch or 
be supported at the bottom. 

Now, a word as to the service. The straight storage 
and axle generator systems are the principal ones at pres- 
ent in use and of the two the latter is the more popular. 


Straight Storage System 


The straight storage system is ideal from the battery 
point of view, but usually is inconvenient from an 
operating standpoint. With it full charges and discharges 
are possible and full normal charge rates can be main- 
tained. At the present time there are in the neighborhood 
of 40,000 Edison cells in straight storage service. The 
balance, with the exception of a few in head-end service, 
are used in connection with axle generator systems. 


Axle Generator System 


The latter system possesses many advantages, and evi- 
dently, in the opinion of the majority of operating men, 
they overbalance the contending advantages of the other 
systems. There is every reason to believe that in time the 
characteristics of the straight storage method will be so 
nearly approached as to leave no choice as far as battery 
conditions are concerned. The trend is in that direction. 
It is not improbable that a scheme will be successfully 
worked out whereby the advantages of constant potential 
charging will be available with the axle machine. 

It has been found necessary to recommend charging at 
not less than normal rate. At first two-thirds normal was 
the prescribed minimum, but that had to be changed for 
the following reason: In automobile work charging is 
done usually at night and it is customary for the garage 
man to stop in his other duties every half hour or so—if 
he thinks of it—inspect the ammeters in charging circuits 
and adjust the rheostats. The current between readings, 
of course, always falls below the standard to which it was 
previously set, and if this standard is two-thirds normal, 
the average is obviously considerably less. This explains 
why two-thirds normal rate worked in the laboratory and 
always appeared to fail in service. As the same condi- 
tions are prone to exist in all kinds of service, the policy 
of always insisting upon at least normal rate was adopted. 
This is a little inside information which you gentlemen, 
as engineers, are welcome to—but you are urged not to 
forget the explanation that goes with it. 


Battery Inspection 


The Edison battery is a favorite with those whose 
desire it is to be battery inspection experts without going 
to the trouble of developing a good memory. There are 
just three things to remember: 


Ist: The solution must be kept at a proper level. 

2nd. The compartment and battery must be kept clean 
and dry. 

3rd: The electrolyte must be removed when the spe- 


cific gravity is low. 

This does not mean, however, that inspection should 
be done in any but the most painstaking and careful 
manner. Short inspections at frequent intervals are better 
than long ones made less often. Some roads have adopted, 
with gratifying results, the plan of inspecting for poor 
contacts, dirty cells, condition of compartment, etc., every 
time the battery is flushed, or—in other words—about 
every six weeks or so. It is my understanding that in- 
dividual cell tests need not be made oftener than about 
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once in six months. Thus, many a stitch is taken in time. 

In service the battery has substantiated all claims that 
have been made for it. The first train-lighting sets were 
installed a little more than six years ago. One of the 
very earliest of these was in a battery house fire about 
two years ago and was returned to the factory for repairs, 
because most of the rubber parts had been more or less 
completely destroyed. After the repairing was completed 
(and it had consisted only of replacing the rubber parts), 
the battery was put on test and to a cell it tested well 
above rated capacity—this after four years of service and 
a fire! All the others of those early sets have evidently 
escaped fires and have equally well survived the rigors of 
continuous service. 
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In 1912 there were about 8,800 Edison cells in use for 
train lighting. To-day that service is employing about 
100,000 cells, distributed among 80 per cent of the rail- 
roads of the country—some of which use them to the ex- 
clusion of other types. Practically all the cells that have 
been sold for this purpose are now in use, and the few 
that are not were injured in wrecks or through acknowl- 
edged abuse. Do not let me give the impression that none 
have been returned for repairs. Some have been repaired, 
but in the aggregate they amount to only one-tenth of one 
per cent of all the cells in the service. The trouble with 
these has been chiefly leaky cells, due partly to defective 
seam welds (and these are always repaired free) and 
partly to electrolysis, because of faulty inspection. 


Answered by li. il. Smith at the February Meeting of the New York 
Electric Car Lighting Association 


After Mr. Smith’s instructive address, the subject was 
thrown open for discussion and numerous questions were 
brought up and answered. 


Cause of Reverse Cells 


Q. What is the cause of one or two cells in a battery 
being completely reversed? 

A. Mr. Smith explained that all cells of the same type 
and rating do not always have exactly equal capacity. 
For this reason some cells having slightly less capacity 
than the others will be reversed when the battery is over 
discharged. The reason for this is that the voltage drops 
rapidly at the end of the discharge and goes below zero. 
In such cases simply leave these cells, which are reversed, 
in the battery and charge and discharge them until condi- 
tions are again normal. 


Reversing the Plates 


Q. Is it possible to reverse the positive and negative 
plates in such a case? 

A. No, it is not because of the different material in 
the two plates, the positive being iron and the negative 
nickel. 


Effect of Charging in Reverse Direction 


_ Q. What will be the effect on an Edison battery of charg- 
ing it in a reverse direction? 

A. No ill effects whatever. Reverse charging simply 
decomposes the water into hydrogen and oxygen. Mr. 
Smith then mentioned several instances where Edison 
batteries were charged in a reverse direction for two or 
three days with no bad results whatever. In each case, 
when the battery was finally charged in the proper direc- 
tion, full capacity, and, in fact, greater than rated capacity 
was obtained. 


Voltage of Edison Batteries 


Q. What are the limits of voltage when charging and 
discharging an Edison battery under normal conditions? 

A. 1.5 to 1.8 volts on charge and 1.3 to 1.1 volts on 
discharge. In car lighting, the rated capacity is obtained 
when the voltage reaches 1.1 on discharge. Further dis- 
charge may go on with a resultant increase of capacity. 


Ampere Hour Efficiency 

QO. What is the ampere hour efficiency of an Edison train 
lighting battery? 

A. Mr. Smith stated that the ampere hour efficiency 
of an Edison train lighting battery is considered 80 per 
cent under normal operating conditions, which means 
that an ampere hour meter, controlling the charge of such 
a battery, would be set to run 20 per cent slow on charge. 


Harmful Impurities in Electrolytes 


QO. What electrolyte impurities are considered the most 
harmful? 

A. The electrolyte being alkaline, acids are the most 
dangerous impurities, as they neutralize the electrolyte. 
Copper, zinc, tin and practically any metal except iron 
and nickel will set up local action which is also unde- 
sirable. 


QO. What should be done 
electrolyte? 


in case acid got into the 
A. The best thing to do would be to throw the elec- 
trolyte away and put in fresh. 


Leaving Battery in Discharged Condition 


Q. What would be the result of leaving an Edison bat- 
tery in a discharged condition? 

A. Such treatment would result in no harm whatever ; 
in fact, it is a little better to leave the battery in a dis- 
charged condition instead of a charged condition. Mr. 
Smith then related that a very kind letter had been 
received by the Edison Storage Battery Company from a 
friend in Denver who spends his winters in Florida. This 
gentleman had left his electric car in the garage during 
his absence and on his return was much surprised to find 
enough “juice” in the battery to run the car for two days. 


Straightening a Bulged Can 


Q. What is the best method of straightening a can which 
has been bulged by an internal explosion? 

A. You can press the sides of the cells back in place. 
If, after doing so, it is found that the cell is dead, it 
means that the rubber separator is broken and the cell 
must be returned to the factory for a new can. 
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In answer to a question about the cause of the explo- 
sion, Mr. Smith explained that the plate, when exposed, 
due to low electrolyte, gets hot and explodes the gas with 
no harmful results other than bulging the can in some 
cases. If an explosion occurs, it takes place very sud- 
denly in the space above the electrolyte and the can is, 
therefore, bulged only above the electrolyte level. In case 
the can is bulged all the way, from top to bottom, it will 
be found that the gas vent has been stopped, causing an 
excessive gas pressure inside the can. 


Open Circuit Voltage 


QO. Of what value is a voltage reading on open circuit? 

A. No value whatever, as both charged and dis- 
charged cells give a similar reading to within a few 
hundredths of a volt. 


Maximum Temperature 


Q. What is considered the maximum allowable tempera- 
ture of the electrolyte? 


SUMMIT 


Practical Stunts 
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A New Car Wiring Connecting 
Bloclk 


In the following letter R. Hodgson describes a con- 
necting block to be placed either in the panels between the 
deck sashes or in the junction boxes on the roof of the 
electric lighted cars so as to do away with soldered 
splices and thus facilitate the location and correction of 
grounds and other troubles. The illustrations show the 
appearance of this block and its application in modern car 
wiring. Mr. Hodgson, who 1s one of the patentees, wishes 
to state that the block will shortly be put on the market 
on a commercial basis, either by one of the railway supply 
houses or by the patentees themselves. In the meantime 
they will welcome a criticism of the block or suggestions 
for any changes in its construction that other car light- 
ing men think desirable or necessary.—EbpITor. 


To the Editor of the Railway Electrical Engineer: 


Since steel cars have become standard there is no doubt 
but what many of the car lighting men are continually 
running up against the same trouble as I am. Generally 
this trouble consists of a ground on one side of a particu- 
lar lamp or fan circuit when there is a ground on the 
opposite side of the battery circuit at the same time. This 
will invariably blow one of the fifteen ampere circuit 
fuses, thus causing a failure on that particular circuit. 
Now, in this case, and in the majority of similar cases, 
the quickest way to remove the trouble is to clear the 
ground from the light circuit; of course the trouble can 
be removed temporarily by crossing wires and putting 
both grounds on one side of either line, but it has been 
my experience that it pays to clear the trouble and make 
permanent repairs. 

Now, if the old system of soldering and taping splices 
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A. The temperature of the electrolyte should be kept 
below 115 degrees. It is found, however, that the tem- 
perature of the electrolyte is very seldom more than five 
degrees above the surrounding air. 


Importance of Keeping Cells Dry 


Q. Why is it necessary to keep the cells of an Edison 
battery dry? 

A. As the cans are not insulated from the electrolyte, 
they have a certain polarity which will cause current to 
flow from one cell to another, especially between those 
which are two or three cells apart. This leaking current 
will, of course, cause corrosion of the can. 


When to Change the Electrolyte 


Q. How can you tell when to change the electrolyte? 


A. Mainly by a low specific gravity which should not 
be below 1.160, or by a loss of capacity. 
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was in use on the cars, I would naturally have to go to 
about the center of the wiring and ring back to the 
switchboard until I found the correct circuit, then cut the 
wires and ring with a magneto to find which half of the 
circuit was grounded. After finding the right half I 
would possibly make four more cuts before the trouble 


The Two Brass Hooks 


View of the Connecting Block Complete. 
Which Hold the Cover in Place Are Lifted Up Against a Coil Spring 
at Their Base and Turned to One Side When the Cover is to Be 
Removed. 


was located, then I would have to splice all those cuts 
and solder and tape them again before the car was ready 
for service, and on a steel car you do not have to have 
many grounds before the wiring is all cuts and splices. 

On a steel car it is easy for a switch or socket to be- 
come either grounded or shorted or for a wire to chafe 
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at a sharp bend and cause similar trouble, and I can recall 
cases of corroded splices which may have been caused by 
some district using plain cut muriatic acid for a soldering 
flux, probably because a standard soldering flux was not 
in stock. ; 

I have found open circuits caused through vibration of 
a splice which may not have happened if this splice had 
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of the boys carry them all the time. When clearing a 
circuit with the connecting block it is only necessary to 
disconnect the lock nut, then the other nut, to take off the 
washer, which is used to prevent the wire from spread- 
ing, to lift the circuit clear of the binding post, and the 
circuit is then all ready to work on. When looking into a 
junction box with this system installed you do not see a 


2’ Conduit 
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Sketch Showing the Connecting Block Installed in the Panels Between the Deck Sashes 


Note the 
Lock-nuts on the Binding Posts and the Insulating Recesses in the 
Cover. 


View of the Connecting Block with Cover Removed. 


been soldered, but I have known of times when the car 
has been ordered to go out on its run in such a hurry that 
the splices have just been taped up, without soldering. 
Now on rush jobs, if the connecting block was installed 
it is not necessary to rush to the shops for torch and tape, 
etc. ; pliers being all the tools that are necessary, and most 


hopeless bunch of splices, but instead a neat connecting 
block, with every circuit marked on the cover. 

This block was not designed for dining cars and sleep- 
ers only, but can be used on any kind of coach where 
splices are used. It can be used in the conduit on the 
roof or under the eaves in the panels, and if the new sys- 


Cast ron 
Box 


in a Conduit System on the Car 
Under the Floor 


The Connecting Block as Used 
Roof or 


tem of wiring underneath the base of the fixtures is used, 
it can be installed there just as easy as any place; in fact, 
it can be adapted to any kind of car wiring. In the old 
system of wiring cars there was a number of short lengths 
of wire wasted, but with this system left-off short lengths 
are all used up. At the same time it is not necessary to 
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Train Line 


Wiring Diagram of a Standard Pullman Car with the 


use five or six pounds of tape to a car. Material saving 
is also made on solder and flux, and it is seldom necessary 
to refill the gasolene torches for soldering and the block 
can be installed just as quickly and cheaply as making 
splices. 

The illustrations show exactly how the block and cover 
look. Both are made of hard glazed porcelain, the buss 
bars are made of brass with three binding posts, the con- 
nection is made on the post by looping wire around and 
resting it on the collar. A washer is then placed over the 
wire to prevent it from spreading, then one nut is applied 
to bind the connection on the post and another nut is used 
to lock it. When this connection is properly tightened a 
good mechanical and electrical connection is made. Each 
binding post fits into its own insulated pocket in the 
underside of the cover, so there isn’t any danger of short 
circuit 1f cinders get into the junction boxes. If this 
block was used as a standard on all cars it would greatly 
reduce the car lighting boys’ troubles on foreign cars, 
because when climbing on the roof of a strange car they 
would know by the numbers on the cover of the block 
what circuit was in that box, which would save ringing 
all the wires back to the switchboard to find the grounded 
or shorted circuit. 

The wiring diagram on this page shows two ends and 
one section of a standard Pullman car. Only the one sec- 
tion is shown because the others are wired exactly the 
same and for that reason it is not necessary to show them 
all. By inspecting this diagram it is seen that, when using 
this block, any car can be wired without making one 
splice in the switch loops, light wiring or fan circuits, ex- 
cept when applying fixtures. 

R. Hopcson, 925 Ionia Ave., S.W. 
Grand Rapids, Mich. 


Four Blocks same as No./0. 
Not necessary fo show them all. 


Lnd Switch Controls'alf Lights 
on Block No./ Except Ladies 
Lavatory and Drawing Roor. 


Connecting Blocks Used in the Panels Between the Deck-Sashes 


A Handy Axle Machine Jack 


When giving a U.S. L. generator a thorough inspection 
a good deal of trouble is often experienced because it is 
sometimes hard to “kick” back the machine when loosen- 
ing the belt. To overcome this difficulty a small jack, as 
shown in the illustration, will be quite a help. The screw 
part of the jack consists of a 7%-in. bolt threaded close to 
the head, the head itself being filed out to a concave 
shape so as to fit the link irons. The standard is a nipple 
of one inch pipe with a floor flange for a base. By plac- 
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Hexagon Nut 


ing the jack between the link irons and the side irons, 
parallel to the tension rod and tightening the hexagon 
nut against the pipe any machine will be forced back the 
required amount. On account of its light weight the jack 
can easily be carried in the tool box and will also be found 
quite a help when applying foot bushings and changing 
link pins. This jack can, of course, be adapted to the 
other types of axle generators. 
ERNEST ZINZER, The Pullman Co., St. Louis, Mo. 
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rk. V. McGinmess 


Car lighting men will be interested to learn of the 
recent appointment of F. V. McGinness as manager of 
the railway department of the Edison Storage Battery 
Company. 

Mr. McGmmness is a graduate of Columbia University, 
having received the degree of electrical engineer, 1910. 
After leaving the university he was, for a short time, with 
the New York & New Jersey Telephone Company, and 


F. V. McGinness 


also with the New York & Queens Electric Light & 
Power Company at Long Island City, N. Y. In the latter 
connection he was occupied chiefly with computing dis- 
tribution systems, although at this time he received some 
practical battery experience in connection with the sta- 
tionary type batteries of the company. 

He became connected with the Edison forces in 1911, 
being then engaged in experimental work in Mr. Edison’s 
laboratory. At this time he also received a thorough 
training in the manufacture of the Edison battery. 

Mr. McGinness has been engaged in railway storage 
battery work for the past four years, during which time 
he has made a wide acquaintance among railroad car 
lighting and signal men, who will be interested to learn 
of his advancement. Previous to his appointment as man- 
ager of the railway department he was assistant manager 
of this department, and while in this position did much 
to place the Edison battery in the strong position in the 
railroad field that it holds today. 

Mr. McGinness will have entire charge of the railroad 
end of the Edison Storage Battery business and will have 
his headquarters at the Edison factory at Orange, N..J., 
but he, of course, will find time to call on the various rail- 
way electrical engineers throughout the country in con- 
nection with his new work. 
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R. L. Wilsom 


Mr. R. L. Wilson, Manager of the Railway Division 
of the Westinghouse Electric & Manufacturing Com- 
pany, East Pittsburgh works, has been appointed Assist- 
ant General Superintendent, looking directly after trades 
apprentices, employment, working conditions and other 
matters of a similar nature. 

Mr. Wilson was born in Shelbyville, Ind., and is a 
graduate of Rose Polytechnic Institute of that state. He 
entered the employ of the Westinghouse Electric & 
Manufacturing Co., in 1893, as a student draftsman, and 
subsequently became inspector, engineer of construction, 
and later superintendent of construction, at one time 
being in charge of erection work in the New York dis- 
trict. Later Mr. Wilson was made superintendent of the 
Railway Division, which position he continues to hold. 

He is chairman of the joint committee appointed by 
the company and the employees for the settlement of 
differences in opinion arising between the employees and 
the company, and is also trustee of the Veteran Em- 
ployees’ Association of the Westinghouse Electric Com- 
pany. 


New Books of Imterest to Raile 
way Electrical Engineers 


Electric Railway Engineering. Second edition. By Francis Harding, 
E.E,, Professor, Electrical Engineering; Director Electrical Laboratories, 
Purdue University, assisted by Russell C. Ewing, E.E., M.E., Assistant Pro- 
fessor Electrical Engineering, Purdue University. 416 pages, 190 illustra- 
tions, 6% in. by 9% in. Bound in cloth. Published by the McGraw-Hill 
Book Company, Inc., 239 West 39th street, New York. Price, $3 


This book should be of value to students in technical 
universities who wish to specialize in the subject of elec- 
trical railway engineering and to those who understand 
the fundamental principles of electrical engineering and 
are interested in their application to electric railway 
practice. 

While it is planned primarily for a senior elective 
course in a technical university, it does not involve higher 
mathematics, and should, therefore, be easily understood 
by the undergraduate reader; the volume does not pur- 
port to present any great amount of new material or 
principles, but it does gather in convenient form present- 
day theory and practice in all important branches of the 
electric railway engineering. Frequent quotations from 
technical papers and publications in engineering periodi- 
cals are given, because it is only from the authorities and 
specialists in particular phases and this volume contains. 
a summary of the best that has been written of the profes- 
sion that the most valuable information can be obtained. 

Although but one entirely new chapter, that entitled 
“Locomotive Train Haulage,” has been added, practically 
every chapter in the book has been completely revised and 
further illustrated. Tabulated data representing actual 
operating conditions in railway practice have been in- 
creased by 50 per cent., and more than 50 illustrations 
have been added. 
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Annual Electrical Night Meeting of the New York 
Railroad Club 


The New York Railroad Club will hold its annual 
electrical night at the Engineering Societies’ building, 
29 West 39th street, New York, on Friday, March 17, 
at which time George Gibbs, of Gibbs & Hill, consulting 
engineers, New York, will present a paper reviewing the 
Report on the Electrification of the Chicago Terminals. 
Several prominent railway electrical engineers and other 
engineers interested in the subject have been invited to 
participate in the discussion. 


National Railway Appliance Show at Chicago 


The National Railway Appliance Show, to be held 
March 20 to 26.at the Coliseum at Chicago, is one of the 
big things of the year with railroad men. This show 
has entirely outgrown its original scope of simply main- 
tenance of way and track equipment so that it now con- 
tains a large number of exhibits which are of great in- 
terest to electrical men of the railroads. 

Over 150 companies are represented at this show, but 
the following list includes only those companies which 
will exhibit material which should interest electrical men. 


The Adams & Westlake Co., Chicago, Ill. 
American Steel & Wire Co., Chicago, Ill. 

Bryant Zinc 'Co., Chicago, III. 

The Buda Co., Chicago, Ill. 

Chicago Pneumatic Tool Co., Chicago, Ill. 

Edison Storage Battery Co., Orange, N. J. 

The Electric Storage Battery Co., Philadelphia, Pa. 
Electric Railway Improvement Co., Cleveland, Ohio. 
Fairbanks, Morse & Co., Chicago, Ill. 

Federal Signal Co., Albany, N. Y. 

The Fibre Conduit Co., Chicago, Ill. 

General Electric Co., Schenectady, N. Y. 

Hubbard & Co., Pittsburgh, Pa. 

H. W. Johns-Manville Co., New York, N. Y 
Kalamazoo Railway Supply Co., Kalamazoo, Mich. 
Kerite Insulated Wire & Cable Co., New York, N. Y. 
National Carbon Co., Cleveland, Ohio. 
Northwestern Motor Co., Eau Claire, Wis. 

The Okonite Co., New York, N. Y. 

Standard Underground Cable Co., Pittsburgh, Pa. 
Western Electric Co., New York, N.Y. 


A New Gibbs Train Connector 


Improvements on the Standard Gibb train connector 
have just been placed on the market by the Central Elec- 
tric Company, Chicago. These improvements were sug- 
gested by practical car lighting men, and consist of an 
automatic closing dust cover, which is a part of the con- 
nector yoke. The complete connector is shown in Fig. 1. 
When closed the dust cover will prevent the entrance of 
dust and dirt which accumulates on the contacts. The 
cover is hinged to the forward part of the yoke, and closes 
by means of a suitable spring and is effectually insulated. 
In this type of 3-G connector the yoke may be removed 
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by loosening one hexagonal capscrew on the side of the 
connector, as shown in the illustration, and two wing nuts 
are used for tightening the plug, giving more uniform 
pressure and stability to the contact making parts of this 
connector. ‘This connector is provided with an indicating 
automatic loop and also a wedge-clamp, by which the 
connector cable is permanently connected to the fingers of 
the connector without soldering. When ordering Gibbs 
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Fig. 1. Improved Gibbs 3-G 
Train Connector. 


Fig. 2. Dust Cover for Appli- 
cation to 3-G Train Con- 
nectors Already Installed 


train connectors with the improvements as above named, 
it is suggested that they be specified as follows: Give type 
number, and if the 3-G type is desired, signify 3-G with 
automatic loop, wedge-clamp, and dust COVER aULGuse 
cover, which is available for connectors already installed, 
is chee n in Fig. 2. New catalogues showing these im- 
proved connectors and dust covers are now being pre- 
pared and will be sent on request. 


Combination Danger Signal and Sign Light 
In order to meet the safety requirements at crossings 
which are more or less dangerous, a new type of reflector 
has recently been designed by ie Benjamin Electric & 
Manufacturing Cone working in conjunction with 
the electrical department of one of the leading Eastern 
railroads. The purpose of this reflector is to iMaminate 
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Sketch Showing a Typical Installation of the Combination Danger 
Signal and Sign Light 


the crossing danger sign at night, and at the same time 
to direct a strong beam of red light up the road ap- 
proaching the railroad crossing so that motor cars will 
be warned of the crossing danger a quarter of a mile be- 
fore actually reaching the crossing. 

The reflector is simply a standard angle type unit . 
which has a 3-in. fresnal lens set into the fore A cop- 
per ring is spun around the lens and this serves to hold 
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it rigidly in place in the reflector. A removable Mogul 
socket is employed, as shown in Fig. 2, and this has an 
automatic short circuiting device for use with series cir- 
cuits which short circuits the unit, re-establishing the 
circuit in case the lamp burns out when operated in series 
with are or other series mazdas. When the socket is 
removed, a pair of clips, normally forced apart by the 
contact blades of the socket, are allowed to come to- 
gether so that the series circuit can never be broken by 
removing the unit. 


Two Views of the New Combination Danger Signal and Sign Light- 
ing Fixture Showing the 3-in. Red Fresnal Lens 


The Benjamin lamp grip feature which prevents the 
lamp from working loose is employed in this type of re- 
flector as in all other standard railroad type units. 

This combination danger signal and sign lighting 
lamp can of course be operated either from a series street 
lighting circuit or on a multiple circuit, and by a proper 
arrangement for control can be made to operate either 
all the time or only when trains are approaching, as 
desired. 


No. 318 Simplex Pole Jack 


Electrical, telegraph and signal departments of rail- 
roads frequently have occasion to move poles from one 
location to another—or to take them out entirely. The 
removal of the poles is by no means an easy job, as it re- 
quires considerable time in addition to a number of men. 

No. 318 Simplex Pole Jack has been especially de- 
signed for the purpose of removing poles. It supersedes 
in effort, time and expense all former means of pulling a 
pole and eliminates the necessity of digging around the 
pole. 

In the photograph shown the pole was about five feet 
in the ground, had a big butt, and had been embedded 
solid for years. It took just 19 minutes for the No. 318 
to pull it straight from the earth—with no preliminary 
digging around the pole. The time necessary by former 
methods of digging first and operating with roller and 
rope would have approximated an hour and a half ; hence 
as a labor saving device the tool should quickly pay for 
itself through the saving of time to the entire pole crew. 

No. 318 is single acting, operating on the down stroke 
of the lever or tripping at any point. In this way, at the 
end of its entire lift, the cap may be dropped back to take 
a new hold on the pole. The capacity is 15 tons; lift 24 in. 
and height 39 in. It pivots on its own base from 30 to 90 


RAILWAY ELECTRICAL ENGINEER 


309 


degrees to the horizontal, and follows the angle of the 
pole being pulled. 

The cap is recessed to firmly hold the links of a chain 
when they are dropped in position. The chain, with grab- 
hook attached, furnished with the jack, is of sufficient 
length to wrap once around the average pole. An I-beam 
base support acts as a substantial foundation where the 
ground is soft or hollowed. The standard is a heavy 
malleable casting. All other parts are drop forgings. 
The double lever socket insures a convenient position for 
the lever bar with the jack at any angle. A 5-ft. steel 
lever bar of pinch bar design also forms part of the equip- 
ment. 


The No. 318 Simplex Jack in Operation 


This jack is manufactured by Templeton, Kenly & Co.. 
Limited, Chicago. 


Trade Publications 


Deltabeston Wires is the title of a pamphlet issued by 
the B. & W. Fuse Company, Providence, R. I., with the 
object of acquainting the trade with the development 
which this company has recently made in the manufacture 
of fireproof wires. In this catalogue are listed and de- 
scribed asbestos-covered wires for practically every kind 
of work and condition of service. The manufacturers say 
that in the development of Deltabeston products they 
have departed from the conventional forms of asbestos 
insulation in which inflammable materials are combined 
with the asbestos, and have produced an insulation which 
is in fact, as well as in name, fireproof. The various types 
of wires are illustrated in color, and complete data about 
each wire is given. With the exception of the well-known 
Deltabeston magnet wire, the wires listed in this new 
pamphlet are all new, and for this reason the pamphlet 
should be in the hands of everyone interested in fireproof 
wires. A copy will be sent on request to the D. & W. 
Fuse Company. 


The Edison Battery—TVhe Edison Storage Battery 
Company of Orange, N. J., has prepared for the National 
Educational Association Joint Committee of Physics an 
interesting and instructive monograph on _ the © Edison 
storage battery. This monograph, which is in pamphlet 
form, has been prepared to’ facilitate the making of edu- 
cation in storage battery operation more practical, and 
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for this reason it is written in simple language, easy to 
understand. The scope of this monograph covers the 
search for the ideal storage battery, the nickel-iron alka- 
line cell, a trip through the factory, normal characteristics 
of the Edison storage battery, emergency characteristics 
of the Edison storage battery, the chemistry of the Edison 
storage battery, its school laboratory uses, methods of 
charging Edison batteries for school use, battery tests and 
laboratory experiments, determining the characteristics 
of a battery cell, observation and conclusions, and general 
data and trade dimensions of Edison storage batteries. 
The pamphlet is fully illustrated with views of the battery 
parts, factory processes and characteristic curves. Copies 
of this monograph may be had upon application to J. A. 
Randall, chairman, Joint Committee of Physics, Pratt 
Institute, Brooklyn, N. Y. 


Western Electric Company.—The sixth edition of 
“How to Figure Illumination and a Complete Catalogue 
of Sunbeam Mazda Lamps” has just been published by 
the Western Electric Company, Inc. This booklet gives 
tables and complete illuminating data, as well as pictur- 
ing and describing the various sizes of Sunbeam Mazda 
lamps. By means of the information contained in this 
booklet, anyone can readily lay out lighting installations 
adapted to the requirements of any class of lighting. A 
copy of this booklet will be mailed to anyone upon request. 
Address the Western Electric Company, Inc., at Chicago, 
New York, or any branch house in the United ‘States. 


Switches, Motors and Switchboards.—The Westing- 
house Electric & Manufacturing Company, East Pitts- 
burgh, Pa., has recently issued leaflets 3551-A, 3765, 3833, 
3835, 3837 and 3849, describing the type F alternating 
current magnetic switches, railway motors from 90 k.w. 
to 34 k.w. capacity, and the type EA switchboard for al- 
ternating current of 240 and 480 volts. These leaflets 
thoroughly describe the apparatus and illustrate their 
construction in detail. 


New Western Electric Year Book.—The second edi- 
tion of the Western Electric Year Book is out. It is 
known as the “Electrical Supply Year Book for 1916,” 
and is similar to its predecessor which, it will be remem- 
bered, caused such a favorable impression in the electrical 
supply business when it made its appearance last year. 
The current book continues the practice of a simple series 
of list prices upon which a basic discount applies, such as 
discount indicating to the holder of the catalog his ap- 
proximate price for all the articles listed. This method 
of pricing, which was called revolutionary, was received 
so enthusiastically by the trade that the present year 
book is the result of an unanimous demand for its 
continuance. 


New Westinghouse Electric & Mfg. Co. Leaflets — 
Westinghouse Railway Motors, Nos. 306-V, 307-V, 
333-V and 547-A are thoroughly described and_illus- 
trated in a series of leaflets, Nos. 3837, 3765, 3833 and 
3835, respectively. The particular characteristics of these 
motors, together with detail views of construction and 
operating curves, are given. 

Alternating Current Magnet Switches, Type F, for in- 
dustrial service, are described in leaflet No. 3551-A. 
These switches have been designed with a view to fulfill 
the severest requirements of industrial service, and their 
details of construction and operating characteristics are 
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given in the leaflet, together with illustrations of them 
mounted on panels. ; 

Alternating Current Low-Voltage Switches, Type EA, 
are described and illustrated in leaflet 3849. Diagrams 
of typical connections are given and the construction of 
the board thoroughly described. 


“Norma” Precision Bearings is the title of a complete 
and interesting catalog just published by the Norma 
Company of America; the plan for this catalog con- 
templates a two-fold function. For those wishing only 
to draw their own conclusions from plain statements of 
facts, uninfluenced by argument, the descriptive section, 
pages 4 to 18, presents the bare essentials of Norma 
types. For those wishing to pursue the subject further, 
to learn the why and wherefore of specific points of de- 
signs, pages 19 to 38 offer a brief analysis of the prin- 
ciples of anti-friction efficiency in particular relation to 
Norma bearings. The pages from 39 to 99 contain 
tabular data of equal value to both classes of readers. 
The application drawings, pages 102 to 115, are full of 
suggestions for the draftsman and designing engineer. 
And the closing section, pages 116 to 120, on the selection 
of bearings offers suggestions which should go far toward 
safeguarding against bearing troubles. 

Copies of this catalog will be furnished by the Norma 
Company of America, 1790 Broadway, New York, on 
request. 


Leakage of Current from Electric Railways 


A study of the problems connected with the leakage of 
current from electric railways has recently been com- 
pleted by the Bureau of Standards, Department of Com- 
merce, and the results just published in Technologic Paper 
No. 63: 

The theory of the leakage of current from electric rail- 
way tracks is developed mathematically, and curves are 
then plotted to aid in the interpretation of the results. The 
conclusions to be drawn from the formulas and curves are 
discussed with special reference to practical problems in 
electrolysis. It is shown how the escape of electricity 
from the rails is affected by increasing the track conduc- 
tivity, as by careful bonding of all joints; by the use of a 
high resistance roadbed; and by shortening the distance 
over which a power house or substation furnishes power. 

The paper is intended primarily for electric railway en- 
gineers and others familiar with electrolysis problems. 
Copies may be obtained free of charge by persons inter- 
ested upon application to the Bureau of Standards, Wash- 
ington, DAG: 


How to Figure Illumination 


A new edition, the sixth, of the complete little hand- 
book, “How to Figure Illumination,” is ready for dis- 
tribution. 

This booklet lists complete tables and full illuminating 
data as well as illustrating and describing with complete 
characteristics-all the various sizes and styles of Sunbeam 
Mazda lamps. The information contained in this book- 
let, together with curves and illustrative matter is suffi- 
ciently complete to enable one to lay out any illumination 
plan. A copy of this booklet will be mailed, gratis, to 
anybody writing for it to the Western Electric Company 
at Chicago, New York or any of their distributing houses. 
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The Lumen Basis for Rating 
Imcandescent Lamps 


On page 283 of the March Railway Electrical Engineer 
appears a discussion on the desirability of adopting the 
lumen as the unit on which to base the rating of in- 
candescent lamps. The whole question of rating lamps 
has been in more or less of a turmoil since the introduc- 
tion of the tungsten filament, due largely to the changes 
in lamp rating and to the steady improvement of lamp 
design and efficiency, and it is now evident that the 
introduction and development of Type “C”’ Mazdas is 
going to force still another change in the basis for rating 
illuminants. At present the efficiency of a lamp is stated 
as watts per mean horizontal candle power, but, due to 
the disposition of the filament in the Type “C” lamp, 
which produces a greater candle power in a downward 
direction than was produced in the older type tungsten 
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lamp, a rating based on mean horizontal candle power 
does not give a fair indication of the light-giving pro- 
perties of the Type “C” lamp in comparison with the 
vacuum type. For this reason some basis which will 
take into account the average candle power emanating 
in all directions or, in other words, the total light flux 
must be adopted. 

A rating based on either the mean spherical candle 
power or the lumen would fill these requirements, but it 
now becomes necessary to determine which of these units 
is the most desirable. It has been stated by one promi- 
nent railway electrical engineer that there are numerous 
reasons why the lumen basis should be adopted, but none 
whatever as to why the mean spherical candle power basis 
should be adopted. In any event, this is a problem in 
which every railway electrical engineer should be vitally 
interested. There is undoubtedly going to be some 
change made in the rating of incandescent lamps in the 
near future and the representatives of the users of one- 
tenth of all the incandescent lamps consumed in the 
United States will evidently, if well organized and 
unanimous in their convictions, influence the choice of 
the proper and logical unit. 

On page 312 of this issue we are publishing under 
“Letters to the Editor” three letters which have come 
to us from men who are well known in their profession, 
and the arguments presented therein in favor of the 
lumen are most interesting and instructive. It is hoped 
that others, who are interested in this subject, will send 
us their views on the proper basis for rating lamps, for 
publication in these columns, so that the sentiment in 
favor of either one of these units will be crystallized be- 
fore the October convention at which time decisive action 
can be taken. 


Anti-Friction Bearings for Shop 
Motors 


One of the biggest questions which will be up be- 
fore the coming A. R. E. E. convention will be the 
proposition to recommend to the railroads that they 
specify either roller or ball bearings for all shop mo- 
tors, and it is hoped that the association will go on 
record as favoring such a specification. Considering 
the absolute reliability of anti-friction bearings as 
manufactured today, there is evidently no good reason 
why they should not be applied to shop motors in rail- 
road service. The argument in favor of using anti- 
friction bearings on such motors is not mere economy 
from the power consumption standpoint, as recent 
tests show that except under conditions of frequent 
starting, the power taken by a motor equipped with 
roller or ball bearings is not appreciably less than the 
power taken by a motor equipped with sleeve bear- 
ings. The arguments in favor of anti-friction bearings 
are rather along the lines of increased reliability and 
reduced maintenance cost. Experience with anti-fric- 
tion bearings in axle generators has demonstrated that 
such bearings do not require an inspection oftener 
than once every six months in contrast to fortnightly or 
monthly inspection required by sleeve bearings. It Is 
true that motors equipped with sleeve bearings have 
run continuously and successfully for six months with- 
out inspection, but such cases are exceptions and the 
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practice of allowing such motors to run for that period 
without inspection should not be countenanced. 

The fact that anti-friction bearings would eliminate 
the use of oil in motors is another important point. Oil, 
such as is required in sleeve bearings, is frequently drawn 
into the armature and field windings where it acts as 
the most efficient dust collector. With anti-friction 
bearings, where simply grease is used, the armature 
and fields remain perfectly dry and thus can easily be 
blown off so as to prevent the collection of a conduct- 
ing layer of dust, which is liable to cause flash-overs 
and grounds and serious commutator troubles. An- 
other important argument in favor of using anti-fric- 
tion bearings is that motors so equipped can be 
shipped fully lubricated with no danger of slopping 
oil, and in this way all danger of starting the motor 
with no lubrication in the bearings is eliminated. 

The use of ball or roller bearings also permit of 
more compact motor construction as such bearings are 
considerably shorter than sleeve bearings. In such 
cases the motor would not only be narrower and 
would, therefore, occupy less floor space but the dis- 
tance between bearings would be less, thus resulting 
in more rigid construction throughout. 

Another point we cannot overlook in favor of using 
anti-friction bearings on induction motors is that due 
to the reduction in the air gap that would be permitted 
its efficiency would be increased and power factor 
materially improved. 

If the association desires to recommend the applica- 
tion of anti-friction bearings to shop motors in railway 
service, the next step would be to co-operate with the 
manufacturers of anti-friction bearings and of motors 
so as to decide on standard bearings and standard 
shafts for each size and type of motor. The inter- 
changeability of bearings and shafts for all makes of 
motors would do a great deal towards simplifying 
the maintenance problem in all railroad shops. 


Peters the Editor 


The Lumen Basis for Rating 
Imcandescent Lamps 


ALTOONA, Pa, 
To THE EpiTor OF THE RAILWAY ELECTRICAL ENGINEER: 

Referring to the editorial on page 283 of the March 
issue of the Railway Electrical Engineer on the subject 
of the method of rating incandescent lamps: 

The basis used heretofore has been mean horizontal 
candlepower and watts. For lamps having approximately 
the same distribution curve, such as the carbon, metal- 
lized, tantalum and tungsten filament lamps operated in 
a vacuum, comparative readings were obtainable and the 
above basis was therefore satisfactory and the mean hori- 
zontal candlepower could properly be used to determine 
the efficiency of the lamp. 

The development of the type “C” tungsten lamp, or 
lamp with a tungsten filament operating in a bulb filled 
with an inert gas, has changed the situation. Experience 
has shown that to obtain the best results with the type “C” 
lamp a radical change in the disposition of the filament 
must be made. This change gives an entirely different 
distribution curve, making the mean horizontal candle- 
power no longer of value as a comparison, and in order 
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to obtain a comparison of the type “C” lamp with the 
older types it is necessary to evaluate them on the basis 
of total light emitted, ie., lumens or a derivation of 
lumens, mean spherical candlepower. 

The lumen is defined as the amount of light that will 
give one candlepower at any point on the interior of a 
sphere of one foot radius. 

Mean spherical candlepower is the average of the 
candlepower emitted, measurements being made in all 
directions. 

Therefore, it will be seen that the ratio between mean 
spherical candlepower and lumen is the ratio of the radius 
of a sphere to the area of the same sphere, or 1 to 4a or 
1 to 12.5664-+-. 

Tt is evident that a change in the method of rating illu- 
minants must be made. ‘The question is, shall the new 
standard be lumens or mean spherical candlepower? In 
either event the public will have to learn the value of the 
new standard, and it would appear that the idea of a 
lumen could be absorbed as readily as could mean spher- 
ical candlepower. 

The present 25-watt lamp, SS-19 bulb, has an efficiency 
of 1.05 watts per candle’ (based on mean horizontal candle- 
power), or 20.95 candlepower, with a ratio of mean hori- 
zontal candlepower to mean spherical candlepower of 
100 to 78. Therefore, the same lamp would be rated as 
16.34 mean spherical candlepower with an efficiency of 1.54 
watts per candle, while on the lumen basis it would be 
rated as having 205.35 lumens, or 8.21 lumens per watt. 

It will be noted from the above that with the mean 
spherical candlepower rating the efficiency of the lamp in 
candles per watt is not given, but, instead, is stated as the 
reciprocal, i.e., watts per candle. 

With the lumen basis the efficiency is given direct as 
lumens per watt, and as the efficiency of the lamp is im- 
proved the value of the term “lumens per watt” will be 
increased. On the other hand, with the mean spherical 
candlepower basis, the converse “watts per candle” would 
be decreasing. 

As the “man on the street” does not, and for a long 
time would not, appreciate the difference between mean 
horizontal candlepower and mean _ spherical candle- 
power, it might, from the jobber’s standpoint, be embar- 
rassing to have to offer a 16+ candle-power lamp 
(m.s.c.p.) when the customer has heretofore been getting 
a 21-candlepower lamp (m.h.c.p.), and it might be diffi- 
cult to explain the matter satisfactorily. 

It is believed that with the lumen basis this difficulty 
would not appear as the term lumen is entirely new, and 
it would seem easier to learn the meaning of a new term 
than to revise one’s idea as to the meaning of a term which 
is already familiar. 

Therefore, to me, the lumen basis appears preferable to 
the mean spherical candlepower basis for rating incan- 
descent lamps and other illuminants. 

J. RSSECae 


Batimore, Md. 

To THE Epitor oF THE Rattway ELecrricaL ENGINEER: 

I have read with interest the editorial in the March is- 
sue of the Railway Electrical Engineer with reference to 
lumen basis for the rating of incandescent lamps. 

I feel that this is a subject that should be given careful 
consideration by the Association of Railway Electrical 
Engineers as well as by electrical and car lighting repre- 
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sentatives of the various railroads. Considering the 
widespread use of incandescent lamps, it might be inad- 
visable at this time to adopt a rating for all classes of 
lamps based on a unit that is so little known by others 
than illuminating and electrical engineers. 

I am, however, in accord with the idea that the lumen 
is the correct and logical unit on which to base the rating 
of incandescent lamps and that it will ultimately be 
adopted. As far as those classes of incandescent lamps 
used almost exclusively by steam railroads are concerned, 
- such as train lighting lamps and locomotive headlight 
lamps, I am in favor of adopting the lumen basis of 
rating at this time instead of the mean spherical candle 
power basis, which I now understand is being considered 
for train lighting lamps. The unit of mean spherical 
candle power is as little known by the laymen as the 
lumen and, due to its similarity with the term “mean hori- 
zontal candle power,” with which the majority of the 
people are familiar, it will undoubtedly give rise to con- 
fusion. I believe the rating of these lamps in mean 
spherical candle power will be but a temporary expedient 
until the use of lumen becomes more general. When the 
rating of incandescent lamps was changed from horizon- 
tal candle power basis to the wattage basis considerable 
effort was required on part of the railroads to educate 
those using lamps in the use of the new term. In going 
to the mean spherical candle power basis this will have 
to be gone through again, and if a change to the lumen 
rating is made a little later on it will not only impose a 
considerable amount of additional work on the part of the 
users of lamps, but such relatively frequent changes will 
become confusing. If any changes, therefore, are to be 
made at the present time in the method of rating lamps 
used by steam railroads I am in favor of adopting the 
lumen basis. Jere Davis: 


New York, N. Y. 

To THE Epitor oF THE RAILway ELECTRICAL ENGINEER: 

The editorial in your issue of March on the subject of 
rating of incandescent lamps presents a very clear and 
interesting statement of this question. The old-time rat- 
ing of incandescent lamps in horizontal candle power 
was a relic of gas practice, because the candlepower of 
gas is measured in a horizontal direction. It is a practice 
which the electrical industry has outworn and which it 
is on the way to abolish. The logic of expressing the 
total luminous output of an incandescent lamp by giving 
its horizontal candle power only is about on a par with 
that of expressing the contents of a measure by giving 
its diameter only. .As long as lamps had the same re- 
lative distribution of light, the mean horizontal candle 
power served the practical purposes of measuring indi- 
rectly their luminous output. With the introduction of 
gas filled lamps, where the distribution of light in dif- 
ferent types varies greatly, this method of measuring 
fails completely. It is the introduction of the gas filled 
lamp, therefore, which is forcing a change from older 
methods of rating, and this not only for the reason given 
above, but also because the gas filled lamp does not lend 
itself readily to measurement in accordance with the 
methods hitherto employed with vacuum lamps. 

The mean horizontal candle power of vacuum lamps 
is ordinarily determined by placing the lamp in a rotator 
in an upright position, rotating it at a suitable speed and 
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measuring on a bar photometer the candle power given. 
This procedure is not applicable to the gas filled lamp 
because, for the most part, gas filled lamps require to be 
burned tip downward and hence cannot be used in the 
ordinary rotators. Their candle power is different tip 
upward from tip downward. Moreover, the candle power 
of a gas filled lamp varies as a result of rotation, and in 
general tends to increase with increased speeds of rota- 
tion. The difficulties of measuring the mean horizontal 
candle power of gas filled lamps, and the variable ratio 
between the mean horizontal candle power and the total 
luminous output lead directly to the adoption of other 
methods of measurement. Fortunately we have in the 
integrating sphere a very simple and satisfactory means 
of determining the total luminous output of lamps which 
is applicable as well to the vacuum as to the gas filled 
lamps. With modern photometric appliances, including 
the use of an integrating sphere, incandescent lamps of 
all classes can be measured more accurately and more 
rapidly than has hitherto been possible with the use of 
the bar photometer. As between the rating in mean 
spherical candles and in total lumens the measuring appa- 
ratus does not distinguish, it being only a question of the 
scale calibration whether one or the other units is read. 
However, for many practical reasons, most of which are 
mentioned in your editorial, the use of the lumen is pre- 
ferable to that of the mean spherical candle. 

Illuminating engineers are particularly interested in 
the introduction of the lumen rating for the reason that 
given the output in lumens of the illuminants to be used, 
the predetermination by computation of illumination 
values is very much simplified. The mean spherical 
candlepower is of no use in this connection until the 
lumens have been computed from it. Illumination com- 
putations on a candlepower basis involve operations from 
a vertical distribution curve giving candlepower at vari- 
ous angles. Given such curves, the point-by-point 
method of illumination computation may be used. This, 
while exact, is. very laborious. It is usually sufficiently 
accurate and very much simpler to work from average 
values of illumination determinations as you have indi- 
cated in your editorial, first from the product of square 
feet of floor area times foot-candles required, which 
gives the total lumens which must be delivered on this 
area, and, second, from the total lumens of the lamps plus 
a value determined by previous experience of the pro- 
portion of the total luminous output of the lamps deliv- 
ered on the floor area in question. The rough and ready 
determination of the number and size of the illuminants 
to produce a requisite illumination on a given area or in 
a given room becomes, if the lamps are rated in lumens, 
almost a matter of mental arithmetic. With a greater 
refinement of data the computation becomes no longer 
rough and ready, but sufficiently accurate for all practical 
purposes. 

In view of the fact that as far as we can see today, the 
ultimate goal in the rating of illuminants is the rating in 
total lumens, and further that the change to mean spher- 
ical candlepower as an intermediate step would have 
considerable disadvantages, it would seem that the rail- 
way electrical engineers would make no mistake if they 
went at once to the lumen basis of rating. 

Ciayton H. SHarp, Technical Director, 


Electrical Testing Laboratories. 
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Rotary Converters 


Operation and Maintenance 


By W. A. Campbell* 


Potary converters, as now manufactured, are, in the 
majoiity of cases, designed for self-starting, that is, they 
are started from the alternating current supply without 
introducing a starting motor. We will, therefore, con- 
fine our discussion to this type. When an alternating 
current is switched to the armature of a rotary converter 
it induces a magnetic field in the pole pieces, but, due to 
the magnetic hysteresis in these pole pieces, the field 
lags behind the armature current. In this way a torque 
is produced, causing the armature to rotate and grad- 
ually come up to synchronous speed. If full line voltage 
was applied to the converter when starting, an excessive 
and destructive magnetizing current would be taken. 
To reduce this current at starting, transformers are sup- 
plied with low voltage taps on the secondary windings, 
as shown in Figs. 1 and 2. 

The connections for a three-phase rotary are shown 
in Fig. 1, and for a six-phase machine in Fig. 2. The 
rotary differs from a direct current generator in that 
the voltage cannot be regulated by the field rheostat. 
The voltage can be regulated by varying the field cur- 
rent, however, if a reactance is inserted in series with 
the low-tension alternating current leads to the rotary, 
as shown in Fig. 1. Another way, and probably the most 
common way, of obtaining the required regulation is to 
use an induction regulator connected in series with the 
low-tension leads, as shown in Fig. 2. The required 
regulation of the direct current voltage is then obtained 
by varying the alternating current voltaze with the rez- 
ulator. 

When starting from the alternating current side, the 
armature bears the same relation to the shunt field coils 
as the low-tension coil of a stationary transformer does 
to the high-tension coil, the number of turns in the shunt 
coils being large compared with the armature turns. It 
is possible, therefore, when starting to induce an exces- 
sive voltage in the field coils, which would rupture the 
insulation of the coils if special precautions were not 
taken. To prevent the induction of this excessive vol- 
tage, a field break up and reversing switch is provided, 
which breaks up the field circuit between the shunt coils, 
as shown in Fig. 3. The reason that this method of 
starting 1s more popular than any other is because of 
its simplicity. No extra apparatus is required, and the 
difficulties of synchronizing are eliminated. This is of 
special importance in railway work where the load fluc- 
tuates rapidly. 


Starting 


After seeing that all the switches are open, the oil- 
switch and then the first starting switch are closed. The 
machine will then come up to speed and lock in step. 
When this takes place the voltmeter needle will cease to 
oscillate and will come to rest, on the scale, indicating 
positive polarity, or off the scale, indicating negative 


*Operator, Duluih Street Railway Ce., Duluth, Minn. 


polarity. If the polarity is nezative it will be necessary 
to reverse the polarity of the machine.. This is done by 
the field break up and reversing switch shown in Fig. 3. 
This switch should be closed in the position which will 
reverse the connections to the field coils, thus reversing 
the direction of the current in the coils. The reversed 
current will now set up a flux which will oppose and 
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Fig. 1—Connection Diagram for a Three-Phase Rotary Convertor 
Railway Substation 


overcome the flux induced by the armature current, and 
will thts cause the armature to drop in speed until it 
slips a pole. When the potential across the brushes is 
reduced to zero there is no field current and the polarity 
will be reversed by the armature again, inducing a flux 
in the pole pieces, but with the proper polarity. The 
field break up switch is now opened and the armature 
will speed up to synchronous speed. The switch is then 
closed in the operating position. When the polarity is. 
positive the switch is closed in the operating position 
as it is then unnecessary to reverse the field. The start- 
ing switch is now thrown to the running position and 
the machine is ready to parallel in on the direct current 
side. 

The above gives a general idea of the switching opera- 
tions, but we will give them again in brief as a matter 
of routine. 


Switching Operations :—Starting 


1. See that all switches are open, including field switch and 
plug machine to the voltmeter. 

2. Close oil switch. 

3. Close starting switches upward “A” 
“AA” for six phase, Figs. 1 and 2. 

4. When machine comes up to speed see that polarity is cor- 
rect. Reversing if necessary. 

5. Close equalizer switch (not required 
machine). 


for three phase and 


if there is only one 
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6. Close field break up and reversing switch. 

7. Throw switch “A” from top to bottom contacts for both 
‘three phase and six phase machine. 

7a. Throw switch “A” of the six phase machine from top to 
bottom contacts. 

8. See that oil rings in bearings are revolving. 

9. Adjust voltage to bus bar voltage and power factor so that 
for a railway machine it is taking 25 per cent lagging current 
with no load. 

10. Close direct current circuit-breaker. 

11. Close main switch. 
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Fig. 2—Connection Diagram for a Six-Phase Rotary Convertor 
‘Railway Substation. The Direct Current Connections, Which Are 
‘Not Shown, Would Be the Same as Shown for the Three-Phase 
Rotary in Fig 1. 


Shutting Down 


1. Open direct current circuit-breaker. 

2. Open main switch. 

3. Trip oil switch. 

4. Allow machine to reduce its speed until the voltage is 100 
or less. 

5. Open field switch. 

6. Open equalizer switch. 

7. When voltage falls to zero open starting switch. 


Don’ts 


It would be well at this time to call attention to a few things 
that should not be done. 

1. Don’t close a switch slowly. 

2. Don’t close a circuit-breaker with main switch closed. | 

3. Don’t start machine with field switch closed in either position. 

4. Don’t try to parallel machines without having first closed 
equalizer switch. 

5. Don’t open field switch before the voltage drops to 100 volts 
or less. The arc formed may do damage to the switch. 

6. Don’t open oil switch if machine is on starting tap and the 
field switch is closed. 

7. Don’t open the starting switch before the voltage reaches 
zero. 

8. Don’t run machine on low, leading or lagging power factor. 
This will unduly heat up the armature of the machine. 

9. Don’t try to raise the voltage of the rotary by means of 
the field rheostat; this will only vary the power factor. Trans- 
formers are usually provided with percentage voltage taps on the 
primary coils, and if no other means is provided for raising the 
voltage of the converter the connections of the high tension 
leads to these taps should be changed to give a higher secondary 
voltage, thus raising the direct current voltage of the machine. 


Operation 
Cleanliness is one of the most important factors in the 
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successful operation of rotary converters. It is more 
difficult to maintain this type of machine than many 
others because of its concentrated windings which col- 
lect dirt and dust easily. When a supply of compressed 
air is available it should be used to blow the dust out of 
the armature and collector rings. If compressed air is 
not available the spaces between the collector rings 
should be carefully wiped out, thus preventing short 
circuits by copper dust lodging between the rings. End 
play devices are used on this class of machine to move 
the armature to and fro, in a horizontal direction. These 
devices should be adjusted to give the maximum amount 
of travel without allowing the armature to pound on the 
bearings. If this end play is carefully attended to and 
kept as it should be there should be no trouble with 
grooves forming on the commutator. 


Sanding the Commutator 


It may be necessary to sand the commutator if it 
becomes rough, especially after a bad flash-over. For 
this purpose, a block of wood, rounded to approximately 
the same radius as that of the commutator, should be 
used. To give a certain amount of flexibility to the 
block about twelve sheets of sand paper should be 
screwed to it. If the commutator is rough, No. 1 sand 
paper followed by No. OO ought to be used, if not very 
rough the No. 00 is sufficient for the purpose. For fin- 
ishing, a sheet of No. OO sand paper backed with felt will 
give very good results, especially if oil is used on the 
sand paper. The oil will cause the copper dust to adhere 
to the paper and in this way prevent it from being em- 
bedded in the mica. 

Brushes also require considerable care. They should 
be examined from time to time to see that their contact 
surface is in good condition, and if they are not so 
found they should be sand papered. This is done by 
setting the required tension on the brush with the ten- 
sion springs on the brushholder. <A strip of sand paper 
is then inserted under the brush and pulled in the direc- 
tion of rotation of the armature; the brush is then raised 
and the paper slipped back and the brush lowered on the 
paper again. This process is continued until the re- 
quired contact surface is obtained. For this purpose 
No. 1%. sand paper is used with No. 00 for finishing. 

Care should be taken to prevent sparking at the 
brushes, and, if necessary, the brushes should be moved 
to prevent this. It is sometimes found that a machine 
will spark badly when starting with the brushes in the 
operating position. When this occurs the brushes should 
be rocked back to the exact neutral while starting and 
then rocked forward to the operating position before 
the load is put on the machine. When operating this 
way it is advisable to put two marks on the brush gear, 
one showing the position of the brushes for starting, the 
other the operating position. The brushes on the slip 
rings also require attention as it sometimes happens that 
the slip ring does not travel completely across the face 
of the brush. This will cause a ridge or fin to form on 
the edge of the brush, which should be removed. Cop- 
per dust collecting in the brush holders, thereby causing 
the brushes to stick, is another fruitful source of trouble. 

Bearings should also receive attention to insure that 
they do not get unduly hot, and care should be taken to 
keep the oil at the proper level. The oil should be 
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changed from time to time, about once every three or 
four months, if a high-grade oil is used. 

Attention must also be given the switches and switch 
gear so as to keep them in proper working order. Knife 
switches ought to have their jaws cleaned out to remove 
the dust that collects in them and the contacts of the 
switch blade must be kept clean. This is necessary to 
prevent cutting between the contact surfaces and also 
to prevent overheating. 

The speed limit device requires attention and cleaning 
to insure its proper operation. It is a good practice to 
test it out from time to time. This may be done by run- 
ning the machine from the direct current side, decreas- 
ing the field strength until a speed is attained which will 
operate the device. The speed can be checked by a 
tachometer. 

Before leaving this part of the discussion it may be 
again pointed out that one of the main requisites for 
successful operation is cleanliness. 

We will now take up the most common troubles met 
with in operating rotary converters, which are: 

. Overheating. 

. Sparking at the commutator. 

. Difficulty in obtaining regulation. 
. Difficulty in starting. 


. Difficulty in parallel operation. 
. Grounds. 


AmRWNr 


Overheating 


Overload—The converter may be overloaded on the 
direct current side. This can be ascertained from an 
observation of the direct current ammeter and _ volt- 
meter. If possible the load should be reduced. 

Railway machines are compound wound and it may 
be that when two or more machines are running in 
parallel they do not share the load properly. In such 
cases one of the machines may “hog”’ the load and be- 
come overloaded. To remedy this the series field of the 
overloaded machine should be adjusted to give the re- 
quired compounding. One of the other machines is first 
put on load separately, its shunt field being adjusted to 
give 25 per cent. lagging current at no load. When 
the load increases the added excitation due to its series 
field brings the power factor up to unity, and the par- 
ticular load at which this occurs should be noted. From 
this data it is possible to adjust the series field on the 
defective machine. To do this its shunt field is also set 
to give 25 per cent. lagging current and a portion of the 
current is shunted past the series field with a shunt until 
the machine gives unity power factor at the same load 
that the first machine did. When these tests are being 
made it is absolutely necessary that the brushes be set 
in their operating position. 

Operating With Low-power Factor.—It must be re- 
membered that when operating at a low-power factor 
there will be a large wattless current circulating in the 
armature winding. This wattless current, together with 
the energy current, will heat the windings. Therefore, 
if a machine is operating at full load but at a low-power 
factor the heating will be much in excess of normal. 
The remedy for this condition is evidently to adjust the 
field to give unity power factor at full load. 


Sparking 
Sparking at the Brushes——This will heat up the com- 
mutator. The brushes should be moved to a point at 
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which the sparking ceases. Sparking will also be caused 
by the field becoming distorted, and the reason for this 
distortion may be due to incorrect brush setting or to 
operating at a low-power factor. 

Internal Short Circuit in Armature Winding.—This 
will manifest itself by scorching the coil and by smoking. 
If the coil is damaged inside of the slot it will be found 
that the best practice is to replace the damaged coil by 
a new one rather than to repair the old coil, but if the 
coil is daniaged outside of the slot it should be repaired. 

Field Coil Short-Circuited—A_ short-circuit in the 


: Jeries Coi/ 
Field Break-Up and — 
Reversing witch 


Operating | =i 
wae Rie 


Ie 


| 


Ce ——4 
£ e: See 
N Ret | Ba 
x BIS] 9 ols 
§ 
S RSQ} |S 
SLSR SUS 
SARS BS pee ss 
5 yy) Sia 
SS RS 
RLY See 
1S 8 + 


Fig. 3—Diagram of Field Connections for a Rotary Convertor 


field coil will cause an unbalancing of the armature cur- 
rent, and a circulating current will result which will 
cause the equalizer rings to become hotter than normal. 
It is also true that the short-circuited coil will be cooler 
than the others, and they in turn will be hotter than they 
are normally. Measurement of voltage drops should 
also be taken across each field coil. The one giving the 
smallest drop will be the short-circuited coil. 

Open Circuit im Armature.—This trouble will show 
up in the same manner as in a direct current generator, 
by a ring of fire around the commutator. The machine 
should be shut down and an examination made of the 
windings. Most rotaries are now supplied with bar- 
wound armatures so that the open circuit will generally 
be at the soldered connections at the end windings and 
at the commutator. - 

High Bars mm Commutators—-This will cause chatter- 
ing and sparking of the brakes. The remedy is to shut 
down the machine and tighten up the commutator bolts. 
Then grind the commutator to remove the high part of 
the bar or bars. 

Ridges on Commutator—This is due to an incorrect 
adjustment of the end play device, which should be ad- 
justed to give full travel to the armature. The brushes. 
should also be staggered, which should be done so that 
all the brushes on studs of like polarity are staggered 
with reference to each other. The commutator should 
be sanded to remove the ridges. When sanding com- 
mutators the direct current side should not be loaded. 

Incorrect Spacing of Brushes—The brush studs 
should be moved to give the correct spacing. This spac- 
ing should be checked by wrapping a strip of paper 
around the commutator so that the ends meet exactly. 
This strip is then divided up into as many equal spaces. 
as there are brush studs, using great care to get the 
dimensions exactly alike. This strip is again wrapped 
around the commutator and the brushes then set at the 
marks on the paper. 
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Reversed Armature Coil—It is unlikely that this 
would happen with a bar-wound armature, it being prac- 
tically impossible to connect the bars incorrectly. 

Reversed Field Coil.—This will cause excessive spark- 
ing at the brushes. To determine if a coil is reversed, 
excite the coils from a direct current source and test 
out with a bar of iron placed between adjacent pole tips. 
If the poles are of the correct polarity the iron will be 
strongly attracted, otherwise there will be very little 
attraction. 


Regulation 


Difficulty in Obtaining Regulation.—Failure to obtain 
regulation with external reactance will be caused by a 
broken field connection. Examine all connections care- 
fully for the break. In case it cannot be seen after such 
an examination it can be found in the following manner. 
With the machine running, connect a voltmeter to the 
negative brush. Then with the other lead explore 
around the field. <A series of deflections will be ob- 
tained until the break is reached. When it is passed 
there will be no deflection on the voltmeter. The break 
will then be between the point at which the last deflection 
was obtained and the first point at which the voltmeter 
did not give a reading. The same results can be ob- 
tained by ringing out the field with a magneto, proceed- 
ing in a manner similar to the voltmeter method. In 
this case, however, the machine will be shut down while 
the test is being made. 

Failure to Obtain Regulation With Induction Regula- 
tors.—In this case the trouble is not in the machine but 
in the regulator. It may be caused by a short-circuit 
over part of the series winding or by an open circuit in 
the primary or exciting winding. This will cause a large 
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voltage drop across the regulator, thus decreasing the 
direct current voltage. 


Starting 


Difficulty in Starting—This may be caused by a 
broken connection or a lead being accidentally dis- 
connected when the machine is standing. Examine all 
connections and transformer taps until break is located. 

Heavy Current Taken at the Starting by Six-Phase 
Machine.—This will probably be due to one phase being 
reversed. Insert ammeters in the leads: to the rotary 
and observe the current taken when starting. The phase 
taking the greatest current will be the one that is re- 
versed. Shut down the machine and reverse the connec- 
tions in that phase. 

Direction of Rotation Reversed—tThis is corrected by 
interchanging any two phases. In the six-phase ma- 
chine both wires of both phases must be interchanged. 

Parallel Operation.—tThe polarity of the machine may 
be reversed when starting, and this should be connected 
as already explained. 

Series Field Bucking Shunt Field—If a machine is 
operating alone, with its series field bucking the shunt 
field it will manifest this fact, when, with increase of 
load, the direct current voltage falls off and the power 
factor decreases. 

Paralleling 


Operating in Parallel—When the negative and equal- 
izer switches are closed the series field will be excited by 
the machine already running. If when these switches 
are closed the direct current voltage falls off it shows 
that the series field is bucking the shunt field. The ma- 
chine should be shut down and the series field connec- 
tions reversed. 


The Recent Electrical Tie-Up 
Island 


On Wednesday, March 15, the electrified lines of the 
Long Island suffered a complete tie-up, due to the effect 
of a severe wind and snowstorm on their electric trans- 
mission lines. The railroad operates 800 trains a day, 
and about 200 of them were unable to move after the 
power was lost early Wednesday morning. These trains 
were stalled at various points on the system until steam 
locomotives could be despatched to their assistance. The 
trouble started at 7:50 in the morning and by 10:30 the 
power on all lines was completely shut off, except between 
the Pennsylvania Station and Jamaica, where some power 
was available up until 2 o’clock in the afternoon. The 
electric service was reinstated about 4.30 p.m. 

One of the stalled trains happened to be on the 
Jamaica Bay trestle when the third-rail went dead, and 
three others were stalled on the Flushing meadows mid- 
way between Corona and Flushing on the Northside 
division for nearly two hours. The train on the Jamaica 
Bay trestle was finally hauled to the nearest station by a 
steam locomotive. 

Although other storms have visited Long Island, which 
in many cases were more severe than the one on Wednes- 


day, notably the recent storm of December 13, 1915, 
which caused so much trouble on the New York, New 
Haven & Hartford, this is the first trouble of its kind 
that has been experienced since the Long Island lines 
were electrified in 1905. In many respects the trouble on 
the transmission lines was peculiar in its character. From 
the result of the high winds and the weight of the half- 
inch covering of ice the wires whipped up and down in 
a vertical direction with such force that insulators and 
tie wires were broken. The peculiar thing about the 
trouble is that all of the wires were not affected in a 
similar manner. While those in one span would whip up 
and down, and around in circles, as though they had 
convulsions, other wires in the same span or in adjacent 
spans would be almost quiet. At the present time this 
trouble can only be ascribed to some unusual condition. 
It was possibly caused by a certain combination of the 
unequal weights of sleet on the wires in combination with 
the gusty wind. The whole effect seemed to be one which 
would result from periodic and forcible lengthening and 
shortening of the spans. 

The unusual stresses set up in the line by this whip- 
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ping action sheered the tops entirely off of a number of 
insulators, broke many others, and in some instances 
caused the cables to tear away from the tie wires which 
fastened them to the insulators. As the main wires be- 
came detached from the insulators, either through the 
failure of the insulator itself or because of the failure of 
the tie wire, they dropped to the cross-arms. In many 


instances the wires of the different phases, dropping in 
came together some place in the span, due to 


this way, 


One of the High Tension Insulators Showing How the 250,000 C. M. 
Cable Is Attached to It By the Tie Wire 


the reduced spacing, and thus became short-circuited. 
Where the cross-arms were of steel the wires were, oi 
course, grounded when they fell from the insulators. 
This condition of affairs was prevalent on all feeders 
scattered over the entire system west of Mineola, particu- 
larly on the main transmission line between Harold 
avenue and Whitepot. The direction of the winds was 
a little east of north, and it is interesting to note that the 
direction of the transmission lines most affected was ap- 
proximately at right angles to the wind or, in other words, 
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Map of the Long Island Lines 


they ran from northwest to southeast. The east and west 
lines were not affected. 

The cables used in the transmission lines were, 
cases, of 250,000 circular mills cross section, 
average span was 150 feet. From Long Island city to 
Winfield there are eight 3-phase circuits on each steel 
tower, from there on each tower carries only six 3-phase 
circuits. In no case did the ice on these wires reach more 
than one-half inch in thickness. 

At 7:50 a.m. the feeders began tripping out one after 
another with increasing frequency until finally all trunk 
line feeders were out of service with the exception of the 
ones feeding Winfield from the Long Island city power 
house. It was attempted from time to time by cutting 
out single phases of different feeders to make up one 


im all 
and the 
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good feeder between the power house and Woodhaven 
junction. In this way the sub-stations on Atlantic avenue 
were kept running intermittingly for two or three hours. 
The operation of the Winfield sub-station also enabled 
fair service to be maintained between Jamaica and the 
Pennsylvania station until 2 o’clock in the afternoon. 
Some trains on the Port Washington branch were also 
able to move along at a low rate of speed by the current 
furnished from the Winfield sub-station. 

The first trouble was noticed at Woodside junction, 
which is a short distance southeast of Long Island city, 
and a little later trouble was reported at Whitepot, about 
two miles further down the main line in the same direc- 
tion. Linemen were immediately sent to these places to 
make necessary repairs, but by the time they arrived on 
the scene the trouble had reached such proportions that 
they could not handle it; it was, however, fortunate that 
they were at that part of the line when all of the service 
was finally cut off, as it was then difficult to transport 
men anywhere until steam-engines could be procured. 

When it became evident that so many wires were in 
trouble that it was impossible to keep a feeder working 


One of the Same Insulators Which Failed During the Storm 


between the power house at Long Island city and Wood- 
haven junction, the feeders were killed and all the linemen 
who could be secured were sent out to repair the trouble 
as quickly as possible. These men travelled on steam 
trains, and, in many cases, hired automobiles were used 
to reach the points where the wires were known to be in 
bad condition. Light gasoline and*electric emergency 
cars, which under normal conditions transport the emer- 
gency crews, could not be used at this time because of 
the sleet and ice on the rails. 

At about 2 o’clock it finally became necessary to cut 
out the one good feeder remaining between the power 
house and Winfield, and from then on until 4:30 there 
was no power whatever on the system. 

The general plan used in making the repairs to the 
damaged transmission lines was to drop men and ma- 
terial along the line, wherever serious trouble was found, 
from a steam work train. This train shuttled back and 
forth, transferring the men from one place to another and 
keeping them supplied with material. By 4:30 in the 
afternoon the transmission line between Long Island city 
and Winfield was cleaned up, which allowed electric 
service to start between Jamaica and Port Washington 
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and Jamaica and Whitestone Landing. By 5:45 p.m. the 
transmission line between Winfield and Woodhaven 
junction was ready for service, which allowed electric 
operation west to Flatbush terminal in Brooklyn, which 
part of the line was fed from underground feeders, and 
east to Hempstead, where the transmission lines run east 
and west and were, therefore, not affected. The repair 
gangs worked until midnight on the transmission line 
from Rockaway Junction to Valley Stream, and from 
there to Hammel, which, when finally placed in service, 
allowed electric trains to operate between either Wood- 
haven or Jamaica and Hammel. The direct route be- 
tween Woodhaven and Hammel is across Jamaica Bay, 
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but this part of the line is on a trestle most of the way, 
and was, therefore, extremely difficult to place in opera- 
tion. For this reason the indirect route around by Valley 
Stream was used until the next day. Of course, while 
these repairs were being made to the electric transmission 
lines, steam locomotives were used to haul as many of 
the regular trains as possible. 

While it is impossible at this time to give a detailed list 
of all the trouble, the following gives some indication of 
the extreme violence of the whipping action of the wires: 
3urned and misplaced cross-arms, 11; broken insulators, 
30; broken ties, 99; wires burned in two, 1; wires badly 
burned but not severed, 1. 


A. Code for Better Lighting 


if 
J 


Believing that the proper illumination of railway offices, 
depots, shops, freight warehouses, docks, etc., is a most 
important factor im preventing accidents, in producing 
greater accuracy of workmanship and in increasing labor 
eficiency, we are reprinting, in short, readable articles, a 
Code of Lighting, prepared by committees of the Illumi- 
natmg Engineering Society. This code is a_ practical 
summary of information pertaining to the illumination 
of shops and other work places. 

The first article appeared in the January issue. 


Section VII. Various Locations ILLUSTRATED.— 
Figs 3 to 9 inclusive are given to indicate how the 
problem of adequate illumination has been solved in a 
number of actual instances, and the following notes ap- 
ply to some of the considerations involved. 


Fig. 3—Night View of a Rather Low Factory Section Showing 


250-Watt Tungsten Lamps Mounted 12-ft. Above the Floor. Note 


the Original Individual Lamps Over the Machines. 


There are two main items to consider in deciding for 
or against high candlepower lamps for the factory or 
mill. First, how high are the lamps to be mounted; and 
second, will the light at any given point on the machines 
or other operations be satisfactory if it comes from a 
few lamps or should it come from many sources? If 
the ceiling or overhead construction is under 16 ft., 


*Code copyrighted by the Iluminating Engineering Society. 


lamps of high candlepower can hardly be used in suffi- 
cient numbers to produce uniform illumination over the 
floor space. If they are to be mounted at a height be- 
tween 16 and 25 ft., it is largely a question of whether 
light from a relatively few lamps will produce satisfac- 
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Fig. 4—Night View Showing Mercury-Vapor Lighting in Low 
Factory Section. The Lamps Are About 12-ft. Above the Work. 
Note the Comparative Absence of Shadows. 


tory results. For mounting heights over 25 ft., lamps of 
high candlepower possess some advantages, chief of 
which is their large volume of light for given energy 
consumed, alwavs provided the light is effectively di- 
rected towards the floor. 

Three Groupings.—These three groupings by mounting 
heights are conveniently shown in Figs. 10, 11, 12 and 
13..A single |shop bay with a ceiling height of 12 ft. is 
shown in Fig. 10 as typical of the first grouping. The 
single high candlepower lamp furnishes approximately 
the same amount of light to the machines as do the eight 
small lamps. Note, however, that the illumination from 
the large lamp is not nearly as uniform as that from 
the small lamps, although the spacing of both the small 
and the large lamps as represented in this illustration is 
typical of many actual installations. Note also, that the 
shadows cast by the large lamp at certain portions of 
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the floor space must be so marked as to make the illum- 
ination it furnishes very inferior in this respect to the 
illumination from the smaller lamps, because of their 


larger number. 
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nearly uniform illumination, because the light is dis- 
tributed more broadly due to the increased height, is 
correspondingly more satisfactory as to shadows pro- 
duced by the large lamp in the preceding illustration 


Fig. 5—Night View of a Planing Mill Showing an Installation of 
250-Watt Tungsten Lamps with a 16-ft. Mounting. Note the Ex- 
cellent Distribution of the Light and the Comparative Absence of 
Shadows. The Photograph also Shows the Cheerful Effect of Light 
Colored Walls and Ceiling. This is a good Example of the Over- 
head Method of Lighting. 


Here, if the number of large lamps for the given floor 
area be increased in an endeavor to make the illumina- 
tion more uniform and to reduce the shadows, the ex- 
pense, as compared with that for smaller lamps, makes 
the large lamps a very unfavorable proposition. These 


Fig. 6—Night View of a Boiler Shop 


two features are the basis for stating that, in general, 
large lamps are not desirable for mounting under 16 ft., 
and an analysis of conditions, together with a careful 
and unbiased comparison with the illumination produced 
by smaller lamps, will nearly always bear out this con- 
clusion. 

Second Grouping. —In Fig. 11, a 20 ft. ceiling has 
been selected as typical of the second grouping, a single 
shop bay being shown. Here the work is assumed to 
‘be rough assembly, mostly on horizontal surfaces, and 
‘the single high candlepower lamp, besides giving more 


Fig. 7—Night View of Factory Section with Relatively High Mount- 
ing of 250-Watt Tungsten Lamps, Which Are 20-ft. Above the Floor. 
Note the Excellent Distribution of the Light and the Shielding Effect 
of the Girders Which Serve to Reduce the Glare When Looking 
Down the Aisle. The White Walls, Columns, Girders and Ceiling 
Also Add Greatly to the Efficiency of This Installation. 


(Fig. 10), on account of the improved direction in which 
much of the light reaches the work. In this case, the 
arrangement of both large and small lamps is typical of 
many existing installations. 

In Fig. 12, however, although the height is the same 


Fig. 8—Night View of Arc Lamp Installation with 40-ft. Mount- 
ing for the Two Center Rows of Fixtures and 20-ft. Mounting for 
the Outside Rows. . 


as in Fig. 11, the work is quite different, being con- 
ducted on the inside of large vertical tanks. It would 
obviously be impossible to perform this work by the- 
light from the single large lamp as well as with that 
from the larger number of medium sized lamps, even if 
the actual amount of light from each was the same, on 
account of the poor direction of the light at certain posi- 
tions of the work from a single unit in such a case. The 
medium sized lamps furnish approximately the same 
quantity of light and yet, no matter where the tanks may 
be placed, they will receive considerable light from the 
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medium sized lamps directly over or nearly over them, 
‘at least far more than is apt to reach them from a single 
unit in every other bay. 

For this second grouping of mounting heights, then, 
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Fig. 10. Diagram Showing Alternate 
Schemes for Lighting a Low Factory Sec- 
tion. This Contrasts the Use of Large 
and Small Lamps for a Mounting Height 
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the large lamp may or may not be adapted, depending 
on whether the reduction of shadows is of much import- 
ance, as is the case in Fig. 12, The large lamp is, how- 


IIlumination Obtained 
Mounted Above the 


Fig. 9—High Section Showing the Fine 
from an Installation of Mercury- Vapor Lamps, 
Crane. 


ever, more likely to be satisfactory here than in the first 
case (Fig. 10), because of the better distribution of the 
light due to the higher mounting, a fact made evident 
in Figs. 10 and 12 on account of the decreased number 
of small lamps and the increase in their size made possi- 
ble in Fig. 12 as compared with Fig. 10, where the 
mounting is lower. By the same line of argument, it 
can be shown that for higher mountings, large lamps 
are still more likely to prove satisfactorily. In Fig. 12, 
the number of large lamps might have been increased for 
the given floor area, but to have done so would mean 
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Diagram Contrasting the 
Use of Large and Medium Size Lamps 
for Mounting Height of 20 Ft. 
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that the cost for the lamps themselves and for the energy 

and upkeep to maintain them would be excessive. 
Third Grouping.—In Fig. 13, the third grouping of 

mounting heights is shown with the lamps about 50 ft. 
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Fig. 12. Diagram of Same Factory 
Space Shown in Fig. 11, but with a 
Different Class of Work. This View 
Contrasts the Use of Large and 
Medium Sized Lamps for a 20-Ft. 
Mounting. 


above the floor. In this illustration the distribution of 
the light from the large lamps will be far more satisfactory 
both for flat and tall work than in the two preceding 
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cases. It will be noted further that the increased height 
of the lamp causes the light to fall in such directions as 
to evenly distribute it over the entire floor space taken 
care of by this one lamp. 
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The foremost argument commonly presented against 
the use of direct current motors and generators is the 
necessary presence, in such machines, of a commutator. 
A commutator is inherently a delicate structure. It is 
‘made up of a large number of individual parts. These 
must be perfectly insulated from one another and from 
their supporting means. The whole must be mechanically 
rigid, it must retain a perfectly smooth surface by even 
wear of two differing materials, its component parts must 
not become dislodged the slightest amount, although sub- 
jected to repeated heating and cooling and to centrifugal 
forces, and the surface must continuously carry electric 
currents having destructive tendencies. This is a list of 
severe requirements and it is to be expected that an occa- 
sional commutator will go bad. But the manufacturers 
have perfected their designs to a degree such that direct 
current machines, if intelligently and systematically 
cared for, will furnish service comparable with that of 
the notably rugged induction motors. 

The aim of this article is to discuss the ordinary causes 
of commutator and brush trouble, to suggest preventives 
and remedies and to outline methods for maintenance and 
repair. 

Theory of Commutation 


A commutator is a necessary adjunct to a direct current 
generator, because the voltages generated in the indi- 
vidual armature coils are alternating in sign or polarity 
as those coils pass under alternate north and south poles. 
To enable a direct voltage to be delivered the brushes 
must collect current from constantly changing sets of 
coils coming under the influence of fixed poles. Like- 
wise, in a direct current motor continuous current can be 
introduced into moving coils under both north and south 
poles only by means of a commutator in such a way that 
their driving efforts will act cumulatively in a single 
direction to produce torque. 

Each coil in a direct current machine passes alternately 
under positive and negative brushes. While a coil is 
under a north pole the current flows in one direction. 
When it is under a south pole the current flows in the 
opposite direction. The current reverses in each coil, 
while it is approximately midway between poles during 
the period that it is passing under the brushes. For 
ideal commutation while a coil passes under a brush the 
current in the coil should die down at a nearly uniform 
rate to zero value when the connected commutator bars 
are midway across the brush. It should then increase in 
the opposite direction uniformly to normal value attained 
by the time the coil passes from under the brush. This 
gives uniform current distribution over the brush surface. 


Armature Reaction 


There are several factors working against this condi- 
tion. The first is armature reaction. Armature reaction 
causes a crowding and shifting of the field flux so that 
the coils midway between poles are not in a zone of zero 
flux. The resulting voltages generated are impressed 
upon closed circuits of low resistance. Consequently, if 
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these coils be commutated there will be heavy short cir- 
cuit currents. In addition, the tendency is for the current 
flow to remain in its original direction. Consequently the 
current distribution under the brush is not ideal as out- 
lined. The current maintains its original direction under 
the greater part of the brush, changing sign and building 
up in the reverse direction at the last instant when the 
coil is passing from under the brush. The heavy short 
circuit current, combined with the crowding of the work 
current to the edge of the brush, causes high current 
density at that point. The sudden breaking off of this 
current causes arcing and spitting, synonymous with poor 
commutation. The effects of armature reaction are modi- 


Fig. i—Curve Showing Distribution of the Field Flux Under 
No Load Conditions in a Typical Shunt Motor Without Interpoles. 
Fig. 2 Shows a Distortion of This Field Due to Armature Reaction.. 


fied by shifting the brushes away from the midway posi- 
tion or “no load neutral.” They then commutate coils 
located more favorably in the distorted field. The defi- 
ciency lies in the fact that the degree of field distortion 
and consequently the position of the coils best located for 
commutation changes with variation of load. The brushes 
must be set in a compromise position, shifted too much 
for no load conditions and too little for overload condi- 
tions. Moreover, shifting of the brushes changes the 
relative direction of the armature magnetizing force, thus 
affecting the speed or voltage of the machine and modi- 
fying its characteristics. The distribution of the flux 
under no load and full load conditions in a typical shunt 
motor without interpoles is shown in Figs. 1 and 2. 


Self Induction 


The second factor working against ideal commutating 
conditions under the brushes is the self-induction of the 
armature coils. Any coil surrounded by a magnetic cir- 
cuit tends to continue a current once established. Con- 
sequently, if no corrective action is introduced, the 
tendency is for the current under the greater portion of 
the brush to remain in its original sign or direction, the 
reversal occurring at the instant the coil passes from 
under the brushes. P 


Interpoles 


The two conditions adversely affecting commutation 
both need the same corrective influence, a commutating 
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field approximately proportionate with the load and in a 
direction aiding reversal of current flow in the commu- 
tated coils. The interpole, now so commonly incorporated 
in direct current motors and in many direct current gen- 
erators, meets this requirement effectively and greatly 
improves commutating conditions. 

The commutator is the most sensitive member of a 
direct current machine. It is, therefore, first to suffer 


Fig. 2—Curve Showing Distortion of the Field Flux Caused by 
Armature Reaction at Full Load. 


not only from faults in design, but also from exterior 
causes or defects in fields, armature or brushes. 


Field Effects 


Faulty commutation may be traceable to three classes 
of field conditions, namely, limitations of design, me- 
chanical defects and electrical defects. 

The most common case of imperfect design leading to 
bad commutation lies in the ratio of armature magnetiz- 
ing effect to field magnetizing force. If the armature 
effect is relatively too strong for the fields the armature 
reaction is very pronounced, the neutral shifts widely with 
changes of load and it is impossible to locate the brushes 
to obtain good commutation at all loads. Such cases can 

usually be bettered by increasing the air gap. This re- 
duces the cross magnetizing effect by introduction of 
reluctance in its path. A stiffer field magnetizing force 
is also required to retain the original characteristics. Air 
gap increase can be accomplished in a machine with 
bolted-in poles by removing a shim if there be any, other- 
wise it is necessary to bore out the fields. As above 
stated, the excitation must be increased to overcome the 
increased reluctance of the magnetic circuit. If there is 
rheostat leeway in the original machine the increased field 
strength is easily obtained. Otherwise it is necessary to 
series parallel the fields as in Fig. 3, inserting a rheostat 
to govern the strength. Since the field current is in- 
creased by this procedure it cannot be adopted in cases 
where the field coils run normally very warm. 

An effect similar to that of boring out the field is some- 
times obtained by chamfering the pole tips so that they 
become quickly saturated, limiting the field distortion. In 
this case also it is usually necessary to strengthen the 
fields slightly to compensate for the increased reluctance 
incidental to cutting away the iron. 


A non-uniform magnetic field will cause trouble, more 


or less serious. This may originate mechanically or elec- 
trically. Unequal pole spacing is a frequent cause. 
Where the pole pieces are cast into the yoke it is difficult 
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to secure perfect spacing. Bolted-in poles are usually 
more accurate, since they are drilled in jigs. Pole spacing 
may be most readily checked by the use of large inside 
calipers. In machines with cast yokes blow holes may 
be present. These may increase the reluctance of portions 
of the magnetic circuit and cause unequal distribution. 
On rare occasions a casting is found in which the base of 
a cast-in pole does not properly weld with the cast metal, 
poor magnetic contact resulting. Such faults are usually 
detected in the factory, however. 

The eccentric position of the armature in the magnetic 
field is responsible for not a little commutation trouble. 
This is most pronounced in armatures not provided with 
equalizers. The flux across the air gap is greater where 
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Fig. 3—Diagram Showing Connections for Connecting the Field 
Coils of a Direct Current Generator in Series Parallel for the Pur- 
pose of Increasing the Field Strength. 


the armature is nearer the poles and higher voltages are 
generated in these coils, “The brushes them carry an 
equalizing current, which may be very great. The arma- 
tures of small machines should be kept accurately cen- 
tered. It should not be considered that so long as a safe 


clearance is provided conditions are satisfactory. Me- 


chanical clearance is not the sole purpose of the air gap. 


Large generators and motors usually have the armatures 
located purposely a little eccentric. The shaft is located 
1/32 in. to 1/16 in. above the center in order that the 
resulting unbalanced upward pull may relieve the weight 
on the bearings and reduce friction. This practice is. 
allowable to a moderate extent on the larger machines 
equipped with equalizer connections. 


Electrical faults may cause a non-uniform field. A 
portion of the turns of a shunt coil or, sometimes, even 
an entire coil may be short-circuited and cut out of ser- 
vice. This may not affect noticeably the heating of the 
fields, but will affect the commutation as well as the speed 
or voltage. Such a fault can be detected and located by 
measuring the drop across the individual coils. A _ re- 
versed coil will cause sparking and will materially in- 
crease the speed of a motor or decrease the voltage of a 
generator for a given rheostat setting. To detect a 
reversed coil excite the fields and span across adjacent 
pole pieces with an iron bar of suitable size. If the alter- 
nate poles are of opposite polarity, as they should be, the 
bar will be attracted strongly to the pole tips. Polarity 
can also be tested with a compass or a nail suspended 
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from a string used as an improvised compass. This test 
is difficult to make accurately without removal of the 
armature. A compound wound machine may have one 
or all of its series coils reversed. There is, of course, a 
marked effect on the voltage or speed, usually leading to 
immediate detection. A single reversed series coil can 
be detected by means of polarity tests previously men- 
tioned applied while the series field alone is connected 
across the line in series with a resistance. Both genera- 
tors and motors are ordinarily cumulatively compounded 
and differential connection of the entire series causes 
weakening of the field under load with consequent greater 
proportionate effect of armature reaction, shifting of the 
neutral and sparking. A single bucking series coil will 
not materially affect performance, but will cause violent 
sparking under load, particularly at the brush stud af- 
fected. Reversal of the interpole windings on a machine 
so equipped will, of course, cause sparking, particularly 
under load. A deep humming sound also frequently ac- 
companies this condition. 


Armature Effects 


A short circuit may occur between the individual turns 
of an armature coil or between two coils in the same slot. 
Since the armature coils are conductors cutting magnetic 
fields a short of any kind implies a closed circuit with a 
voltage generated within it. A heavy current results. 
This is usually sufficient to heat the affected coils so that 
they will smoke very quickly. Since an armature short 
circuit commonly indicates itself so plainly, sufficient time 
is not afforded for the commutator to be seriously dam- 
The tendency is to heat up the commutator bars 


aged. 
They then become 


connected to the defective coils. 
“high” bars and cause sparking. 

An open circuit in an armature leads to severe sparking 
of a characteristic sort. Instead of the ordinary arcing 
under the brushes fine rings of blue or green fire run from 
brush to brush or completely around the commutator. 
After the machine is shut down the open coil can be 
quickly located since the mica segments between the com- 
mutator bars connected to this coil and its neighbor be- 
come severely pitted. 

A poor connection between coil and commutator is 
similar to an open in its effects, but to a modified degree. 
Such a fault is due to poor soldering. The bad joint can 
be located by sending a current through the stationary 
armature and making a bar to bar voltage test. An ex- 
cessive drop occurs across the defective joint. 


Outside Causes 


Conditions incident to the drive may cause periodic 
surges of current with consequent sparking. This may 
occur in a generator driven by a reciprocating engine 
having an irregular angular velocity. It may occur with 
motors geared to machines having cyclic loads causing 
repeated peaks at a given armature position. Pumps or 
reciprocating compressors are typical cases. A poor belt 
splice may have a similar effect. Geared machines dis- 
playing this trouble may be corrected by adding a hunting 
tooth to the gear so that the load peak occurs for differing 
positions of the armature. The trouble may be remedied 
on a belt drive by a slight change of pulley ratios. Cross 
currents between two or more machines in parallel may 
cause periodic peaks and intermittent sparking. These 
currents may be too short in duration to be detected upon 
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the damped ammeters on the switchboard. Vibration is 
an enemy to commutation, making good brush contact 
difficult. Vibration is most commonly due to unbalance, 
but may be transmitted from the driven machine or may 
arise in a poor gear drive or a non-rigid mounting. An 
armature out of balance can be made fit by the addition 
of counterweights, well secured. The proper size and 
location for these may be determined by trial or by placing 
the armature on level knife edgeways and locating the 
heavy side. 

Overloads may well be classed as “outside” causes of 
trouble. Steady overloads are likely to cause sparking 
indirectly through the mechanical effects of overheating 
as well as through increased armature reaction and 
greater currents to be commutated. Intermittent over- 
loads may cause vicious sparking during their period sufh- 
cient to injure the commutator surface or to pit the 
brushes preventing the attainment of that glaze and polish 
so desirable for long commutator life. Motors repeatedly 
started and stopped or subjected to current surges arising 
from the use of dynamic braking may give trouble, al- 
though capable of rendering excellent service under more 
favorable conditions. 


The Commutator 


The surface of a commutator must be absolutely true 
and smooth if trouble is to be avoided. For, if sparking 
is started, either through mechanical cause or electrical 
cause, the condition becomes rapidly aggravated and de- 
terioration of both commutator and brushes soon follows. 
High mica is a frequent trouble breeder. Any slight 
sparking may serve to burn away a little copper from one 
or more segments, leaving the mica projecting to a minute 
degree. The raised mica segments cause a slight separa- 
tion between the commutator surface and the brushes. 
Across this gap the current must arc, showing itself as 
small, but numerous blue pin sparks under the entire brush 
surface. Arcing under the brushes must be distinguished 
from arcing at the edge of the brush. Arcing under the 
brushes is generally from a mechanical cause, such as 
high mica, vibration or light brush tension. Arcing at 
the edge of the brush indicates more commonly an un- 
favorable electrical condition. Sparking rapidly leads to 
blackening of the commutator segments. This may at 
first be confined to one or two bars. When these bars 
are under the brushes they shirk the load, since their 
contact is poor. The work current is thus shifted to the 
other brushes of the same polarity, which then carry more 
than their proportionate load. Burning and blackening 
are thus likely to follow at a number of equally spaced 
sectors, there being half as many spots as brush studs. 


High Mica 


High mica may be detected not only through its effect 
upon the operation of machines, but by examination of 
the commutator surface. Raised mica is at once evident 
if the fingeft nail be drawn across the segments. The 
most common remedy for high mica is undercutting. This 
process furnishes frequent relief in trouble cases and is 
becoming common practice. Special tools and attach- 
ments are now provided for this work in railroad shops 
and industrial establishments where enough motors are 
involved to justify the purchase of such equipment. 
Undercutting can be quite effectively done by hand tools, 
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_a hack saw blade or three-cornered file and a little experi- 
ence being all that are necessary. Where commutators 
are undercut there is a liability of carbon dust collecting 
in the slots and short circuiting between bars. The rota- 
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tion may suffice to throw out such particles by centrifugal 
force. In slow speed commutators they may accumulate. 
Occasional application of a brush prevents trouble from 
such causes. 


(To be concluded in the May issue.) 
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The core loss of a transformer is the energy required 
to magnetize and demagnetize the iron core, due to the 
reversals of the current. Core loss is an important factor 


~ POTENTIAL 
TRANSFORMER |. 
_. TO ACCOUNT FOR 


Fig. 47—Apparatus and Connections for Making a Regulation Test ona Transformer 


in the design of a good transformer and the purchaser 
should at all times keep this one point in mind, as this 
loss is constant and continues every hour the transformer 
is in operation, even when the transformer is not deliy- 
ering current from the secondary. Therefore, a trans- 
former having a low core loss has a high all day or com- 
mercial efficiency and low operating costs. The losses 
in a transformer as the capacity increases, assuming the 
same constants of design, increase approximately as the 
85 power of the output. Therefore, with larger and 
. larger units a point is soon reached where the losses are 
relatively low. In large power transformers, built for 
use in the central stations where the transformers are 
usually fully loaded, it is not so important to keep down 
the iron losses. In transformers of this type the iron 
and copper losses are made about equal. The importance 
of a low core loss is evident when the cost of operating 
the transformer is considered. A core loss of one watt 
per hour, assuming 24 hour per day operation and that 
it costs the central station one cent per k.w.h. to produce 
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and deliver energy to the core of the transformer will 
amount to a yearly loss of 8.76 k.w.h. valued at 834 cents. 
It is evident then that a transformer with 50 watts less 
core loss than another of the same capacity will effect an 
annual saving of $4.37. 


Core Loss Test 


The core loss of a transformer may easily be deter- 
mined by the following method: 


Leave the primary leads open and 
clear from any contact and connect a 
watt meter in series with the secondary, 
which is controlled and supplied by a 
variable voltage transformer. Bring the 
voltage up to the value for which the 
transformer being tested is designed. 
The reading on the watt meter then 
will indicate the core or iron loss. 


. 


Copper Loss 


There. are copper losses “in@a 
| | transformer only when the trans- 
2 former is delivering current. This 
| loss, however, is affected by the 
general transformer design and the 
cross section of the copper used 
in its construction. Copper losses 
should be low at the average load 
so as to insure good regulation. 
The copper loss varies as the 
square of the current and may be calculated from the 
resistance of the conductors and the current flowing 
through them as follows: 


Copper loss in watts equals primary amperes squared, times 
primary resistance in ohms plus secondary amperes squared 
times secondary resistance in ohms. 

The copper loss may be obtained by test by connect- 
ing an ammeter and watt meter in series with the high 
tension coils of a transformer, with the secondary coils 
short-circuited. A variable voltage transformer is used 
to supply the testing current. The current should be 
adjusted until the ammeter shows that full load current 
is fowing. A watt meter reading taken at this time will 
give the copper loss at full load. 


Regulation 


The regulation of a transformer is defined as the per 
cent. rise in secondary voltage, when the full rated load 
is thrown off, all other conditions remaining the same. 
For instance, if a transformer gives its rated secondary 
pressure of 110 volts at full non-inductive load, and the 
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voltage rises to 115 volts when the load is thrown off 
(the primary voltage being kept constant) the regula- 
tion of the transformer by definition is: 

100 (115 — 110) 
- = 4,99 per cent. 


110 

The regulation is controlled by the ohmic resistance 
of the copper circuits and by the magnetic leakage. Thus 
if the copper used in design is of large cross section with 
low ohmic resistance a close regulation can be expected. 
With close regulation the high efficiency lamps on the 
market can be used satisfactorily as a steady voltage 
means an increased life for any lamp. 


Regulation Test 


A test for regulation may be run on any transformer 
in the following manner : 

Connect the transformer to be tested to the high ten- 
sion supply circuit. A second transformer with the same 
or other known voltage ratio is also connected up as illus- 
trated in Fig. 47. 

By using a double pole, double throw switch, the volt 
meter can be made to read the pressure on the secondary 
of either transformer. Assuming the same voltage ratio 
it is evident that if both transformers are unloaded the 
volt meter will indicate the same pressure, but a gradual 
increasing of the lamp load up to the limit of the trans- 
former capacity will be attended by a drop in pressure 
at the terminals. This drop can be read as the difference 
of the voltmeter indications and, when expressed in per 
cent. of full load secondary voltage, stands for regula- 
tion. The use of an auxiliary transformer is necessary 
to make sure of the high tension line voltage, as a large 
transformer under test would cause a primary drop when 
delivering power. 

In all of the tests mentioned the primary current of 
the transformer may be taken as full load watts divided 
by primary volts. 

Primary Cutouts 


Transformers under 50 k.w. are nearly always provided 
with a primary switch cutout. Such cutouts are made 
up of two parts; one part is fastened to the pole or sup- 
port on which the transformer is placed, and is connected 
in series with the primary leads. The other part is the 
portion to which the fuse is attached and is inserted into 
the first part, thus forming a complete cutout. 

The general appearance of a transformer hung on a 
pole with the primary cutouts fastened to the top cross 
arm is shown in Fig. 48. The size of fuse to place in 
the transformer primary cutout may be found by the 
formula given in the last paragraph, allowing for 100 
per cent. overload. 

Primary cutouts are used to provide means for killing 
the transformer in case workmen wish to work on it and 
also to protect the transformer against short circuits, 
grounds, etc. 


Potential Transformer Cutouts 


Another type of cutout that is used for the same pur- 
pose but is only used in connection with potential or in- 
strument transformers, is similar to an ordinary fuse 
block. This cutout is made of porcelain, takes a very 
long fuse of low amperage, seldom over 10, and is used 
with a maximum of 2,500 volts. This type of cutout 
is not weather-proof so is ‘used inside exclusively. 
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Efficiency 
The efficiency of a transformer is indicated by the fol- 
Power output 
lowing ratio: Efficiency = — 
Power intake 
the full load efficiency of a 5000-watt transformer having 
42 watts core loss and 90 watts copper loss would be: 


5000 watts 


For example, 


— 97.43%, 


5000 + 42 + 90 


Fig. 48—Method of Hanging an Air-Cooled Transformer on a Pole. 
Note High-Tension Primary Leads and the Primary Cutouts on 
the Top Cross Arm and the Secondary Circuit on the Lower Cross 
Arm. 


As the copper loss of a transformer is proportional to the 


square of the current, hence at: 
34 load — the copper loss is 9/16 of the full load copper loss; 
% load — the copper loss is 1/4 of the full load copper loss; 
%4 load — the copper loss is 1/16 of the full load copper loss; 


therefore, the 34 load efficiency of a 5-k.w. transformer 
would be, 34 of 5000 or 3750 watts; 9/16 of 90 = 50.625 
watts. 

3750 watts 


3750 + 42 + 50.6 
One-half load efficiency would be: 


= 97.58% efficiency. 


2500 watts 
2500 + 42 + 22.5 
One-quarter load efficiency would be: 
1250 watts 
1250 + 42 + 5.6 
The all day efficiency of a 5-k.w. transformer which is 
loaded for 5 hours out of the 24 can be represented as: 
5000 watts X 5 hours 


to) 
(S hours X 5000) + (42 & 24 hours) + (5 hours X 90) 
25000 watts 


25000 + 1008 + 450 


= 97.46% efficiency. 


= 96.30% efficiency. 


Ly 


= 94.49%. 
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Choice of Transformers 


For transformers below 1000 k.v.a. capacity and 33000 
volts potential, no particular type is recommended but 
above this voltage, however, the air blast type is not avail- 
able on account of difficulties of insulation. Within these 
limits of capacity and voltage the choice of type must 
depend on the conditions affecting any particular installa- 
tion. The self-cooled type requires the least attention, 
and in smaller sizes this type is especially desirable if 
water is scarce or expensive. 

In larger sizes or where heavy loads are liable to occur, 
the water-cooled type is preferable. This type of trans- 
former occupies less space and, as a whole, it will stand 
the most abuse. The air blast type may be desirable if 
there are large quantities of inflammable material present. 
This type occupies the least floor space but requires the 
most attention, due to the constant supply of air required. 
It is also more limited in overload capacity than either 
of the others, as it reaches its maximum temperature in 
a shorter time. 


Relative Fire Risk of Transformers 


The relative fire risk of the oil and the air blast trans- 
formers may be summed up as follows: 

The oil transformer is set on fire with great difficulty. 
Any short circuit within the transformer itself will not 
set fire to the oil unless an arc is held in the oil long 
enough to raise the temperature of the total mass of oil 
to the combustion point, which would require some time 
and which would be impossible if the transformer was 
protected by a fuse or a circuit breaker. Even if the 
transformer was not protected the chances are that the 
leads would burn off before the oil would be raised to 
a dangerous temperature. If a fire should occur outside 
of the transformer case, hot enough to raise the oil to 
the combustion point, then a large mass of inflammable 
material is present to cause trouble. 

With the air blast transformer there is much less in- 
flammable material in the transformer itself, still if there 
is a short circuit within the transformer windings there 
are the best possible conditions for a hot fire, namely, con- 
siderable material under forced draft. However, if an 
air blast transformer should catch fire the top damper can 
be closed to smother it. If the operator is on hand there 
is a small fire hazard with either type. 


Placing of Transformers 


The placing of transformers depends upon where they 
are to be used and to a certain extent on the primary 
voltage. 

Transformers of any type that are used around power 
houses and sub-stations are as a rule set on the floor in 
a room built for that purpose. Air blast transformers 
are usually set over a pit so that cooling can take place. 
This pit may often be a room that is air tight, or it may 
be a small space under the bank of transformers. In 
either case, all cracks must be cemented around the bot- 
tom floor line and ceilings to prevent leakage of air. 

Transformers of small capacity for outdoor use are 
usually hung on poles similar to the one shown in Figure 
48, the hangers hooking over the cross arms. 

In the last few years it has also become standard prac- 
tice to place banks of large capacity, high potential trans- 
formers, with their choke coils, lightning arresters, and 
disconnecting switches, outdoors on poles. Such installa- 
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tions are called outdoor sub-stations. The transformers 
are usually mounted on a platform between two poles, 
with the switches above or on adjoining poles. 


Ratio of Voltages 


As before mentioned the ratio of the primary and sec- 
ondary voltages is the same as the ratio of the turns in 
the primary and secondary coils. For example, let us 
take a transformer with a name plate which reads, “Pri- 
mary voltages 1100/2200 volts, secondary 110/220.” 
This means that the ratio of the turns in the primary and 
secondary coils is 10 to 1, that is, there are ten turns in 
the primary coils to every turn in the secondary coils. 


Transformer Connections 


The following is copied from the standardization rules 
of the American Institute of Electrical Engineers : 


Single Phase Transformers 
Marking of leads: 

“The leads of single-phase transformers shall be dis- 
tinguished from-each other by marking the high voltage 
leads with the letters A and B, and the low-voltage leads 
with the letters X and Y. They shall be so marked that 
the potential difference between A and B shall have the 
same direction at any instant as the potential difference 
between X and Y. 

“In accordance with the above rule, the terminals of 
single phase transformers shall be marked as follows: 


“(1) High and low voltage windings in phase: 
Abpreans 2% B 
ete ei: Y 
“(2) High and low voltage windings 180 degrees 
apart in phase: 
Ae eee 3 
Vere ne 


“To operate transformers thus marked in parallel, it 
is only necessary to connect similar marked terminals to- 
gether (provided that the reactances and the resistances 
of the transformers are such as to permit of parallel 
operation ). 

Single-phase transformers with more than two windings. 

Transformers possessing three or more windings (each 
being provided with separate outgoing leads), shall 
have the leads connected to two of their windings, 
lettered in accordance with the preceding paragraph. 
The remaining leads shall be distinguished from 
the others by a subscript. For example, transformers 
possessing four secondary leads connected to two distinct 
similar windings for multiple-series operation, shall be 
lettered as follows: 


LN Pe pOt OC B 
bid dicen a 
Dar Xe 


This indicates that the low voltage winding consists of 
two disconnected parts, one part having terminals X Y 
and the other part having terminals X’ Y’. For multiple 
connection, X and X’ are connected together, and Y and 
Y’ are connected together. For series connection Y is 
connected to X’. 
Neutral Lead. 

“An outgoing 50% neutral tap lead should be let- 
tered N. 
Internal Connections. 

“The manufacturer shall furnish a complete diagram- 
matic sketch of internal connections, and all taps and ter- 
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minals of the transformer shall be marked to correspond 
with the numbers or letters in sketch.” 


Three Phase Transformer Connections. 

“Three phase transformers ordinarily have three or 
four leads for high voltage, and three or four leads for 
low voltage windings. To distinguish the various leads 
from each other and to also distinguish between the va- 
rious phase relations obtainable, the three high voltage 
leads should be lettered A B C and the three low voltage 
leads X Y Z. In addition, it should be distinctly stated in 
which of the three groups given in the following diagram 
the transformer belongs. 

“The rules given above for single phase transformers 
in regard to neutral tap, also in regard to internal con- 
nections, are applicable to three phase transformers. 


Parallel Operation of Three Phase Transformers. 

“Three phase transformers, lettered in accordance 
with the above rules, will operate correctly in parallel, if 
at their rated loads, their percentage resistance drops are 
equal, and their percentage reactance drops are equal. It 
is furthermore necessary that the angular displacements 
between high voltage and low voltage windings shall be 
equal, i.e. that the transformers shall belong to the same 
group in the diagram. It is then only necessary to con- 
nect together similarly marked leads.” 


Connections for Single-Phase 


The simplest transformer is a single-phase transformer 
such as shown in Figs. 45 and 48. Following are a few 
practical examples of how this type of transformer can be 
connected. All the connections necessary when installing 
this type of-transformer are shown in Fig. 48. The 
primary leads are connected to the cutouts at the top, 
which are in turn connected to the line. The load circuit 
on the lower cross-arm 1s connected to the secondary leads 
as shown. In the illustration the secondary is connected 
for 110 volts, assuming a regular 10 to 1 ratio trans- 
former and a primary voltage of 2,200. All light and 
motor circuits or other load which the transformer is to 
carry would be connected to the secondary circuit on the 
lower cross arm. 

As heretofore stated, when using single-phase current 
for lighting purposes it is often desirable to use a three- 
wire system on account of the saving effected in line 
copper. 

A single-phase transformer may be used to feed a three 
wire system by connecting the two inside secondary leads 
together and using them as a neutral and connecting the 
two outside secondary leads to the outside wires of the 
three-wire circuit. 

If it was desired to transform 2,200 volts to 220 volts, 
the transformer used would have both of the primary 
coils and also both of the series coils connected in series. 
Such a transformer could be used on an 1,100 volt line 
also by connecting the two primary coils in parallel, that 
is, the lead marked A, Fig. 45, would be connected to B 
and the lead marked Y would be connected to X. If it 
was not desired to operate a two-wire secondary feeder 
system the secondary coils could be reconnected for a 
three-wire secondary system as explained above. 


Two-Phase Connections 


A two-phase system consists of two independent sin- 
gle-phases which must be kept apart. Therefore, when- 
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ever two-phase current is to be transformed each phase 
is handled exactly as if it were single-phase, the only 
difference being that two transformers are required 
instead of one, each of one-half the K. W. capacity for 
the same amount of power. 

Whenever a three-wire, two-phase system is used one 
lead from each of the two transformers is connected 
together, on both the primary and secondary sides. In 
such cases the voltage ratio is the same as if four wires 
were used. 

In the following diagrams one primary and one sec- 
ondary coil only will be shown to represent a transformer. 
Thus in Fig. 50 the diagram shows a 4-wire, two-phase 
connection, in which A and B are the primary feeder 
lines. Should a three-wire, two-phase secondary service 
be desired, the lines (a) and (d) on the secondary side 


Phase A. 
(a) (d) | a 
(a) (B) (Cc) (dy 
Diagram Showing a 4-Wire, 2-Rhase Connection for 
Transformers. 


Phase B. 


Fig. 49. 


could be united together, then the voltage across (b) 
and (c) would be equal to the square root of 2, or 1.41 
times that across (c) and (d), or across (a) and (0). 


Transformers in Parallel 


Often, after a transformer is installed, the load is in- 
creased to such an extent that it is seriously overloaded. 
It then becomes necessary to connect additional trans- 
formers in parallel with the one in trouble. 

Two transformers built by the same company and con- 
nected just alike will, as a rule, be all right for paralleling, 
but they must be phased out in the same manner as when 
starting two alternators for the first time and the leads 
of the same polarity must be placed together. The 
method of phaseing out transformers and generators was 
described in a preceding article on alternating currents 
and will not be repeated at this place. 

A simple way to phase out two small transformers is, 
when the load is off the line, to put a small fuse in series 
with one of the secondary leads of the transformer being 
added. If the connection is right the fuse will not blow, 
but if the connection is wrong it will blow and that will 
inean it is necessary to reverse the two secondary leads 
of the transformer being added, or if it is handier the 
primary leads can be reversed which will give the same 
results. 

The above applies to all transformers, that is, they 
must be phased out before being thrown in parallel. 
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Single-Phase Transformers in Series 


It is often desirable to use certain transformers on a 
line operating at twice the normal voltage for which the 
transformers were designed. For instance, suppose it 
was necessary to use some 1,100 volt transformers on a 
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2,200 volt line. In this case the primaries of two. of the 
1,100 volt transformers could be connected in series and 
connected to the 2,200 volt circuit. If the secondaries of 
both transformers were then connected in series, 220 
volts would be available and if connected in parallel, 110 
volts would be available. 
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Lesson No. 5O 


The Ampere Hour Meter 
Continued 


All ampere hour meters should be calibrated or tested 
at least once a year. This, however, is not so difficult a 
proposition as one might suppose. All ampere hour 
meters are geared so that with full load current flowing 
through it in a discharge direction the meter will make 


be compensated for by lessening the retarding effect of 
the two damping magnets W, Fig. 258, located at the back 
of the meter. This can be done by loosening the set screw 
and turning the notched disc X, Fig. 258, so as to bring 
it a little closer to the magnets, lessening the air gap and 
short circuiting some of the magnetism away from the 
damping disc. 

In this way the meter can be adjusted over a range of 
10 or 15 per cent to run at proper speed even though the 
main magnet is weak. 


Fig. 253. 


Meter with Case Apbplied. Fig. 254. Case 


10 revolutions in just 36 seconds; with half load it would 
require just twice the time, etc. 

In case it takes much over 36 seconds to make 10 revo- 
lutions at full load it would indicate that the meter is 
running slow, due to one of two causes: Either the mag- 
netism of the horse-shoe magnets has become weakened 
or there is friction on the armature, its shaft or the damp- 
ing disc or top jewel bearing. To determine whether the 
trouble is due to friction or weak magnetism, throw 
on a light load of 2 or 3 lamps; if the meter then fails 
to run at anything like proper speed—it indicates that 
there is friction; if it runs somewhere near proper speed, 
on the other hand, it indicates that magnetism of the main 
horse-shoe magnet has become weakened and does not 
give full torque to the meter disc. 

This latter trouble of weak magnetism in the main 
horse-shoe magnet located at the front of the meter can 


Removed. 
Dismantling Is to Remove Horse-Shce Mag- 
net ‘‘A’’ by Loosening Screws ‘‘A” and “B.”’ 


First Step in Fig. 255. Next Step, Force Out Locking 


Ears ‘‘S’’ Which Hold Dial and Gear Train, 
and Remove Dial. Then Remove Metal Strip 
“C’’ at Each Side of Meter. 


To locate the friction troubles remove the case and first 
carefully examine the clearance between the damping disc 
and the damping magnet. If the disc is actually touching 
the magnet, or if there is any dust or iron filings on the 
tips of the magnets, the movement of the meter will, of 
course, be retarded. These iron filings and dust can be 
removed with a moist piece of paper. 

It will be remembered that the wooden float attached 
to the armature and submerged in mercury, buoys up the 
armature shaft so that it is lifted entirely off the lower 
bearing and bears against the top jewel bearing with a 
slight pressure of about 1/10 of an ounce. It should be 
possible to force the shaft downward about 1/64 in. by a 
slight pressure with a pencil on the center of the damping 
disc. If there is no vertical movement of the armature 
shaft whatever it would indicate that the shaft is bound 
and this may be the cause of trouble. - 
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If the trouble is not found here, however, it is probably 
in the armature chamber. To rectify this, the meter must 
be dismantled and the mercury removed and both mer- 
cury and armature chamber thoroughly cleaned of dust 
and dross, as will be explained later. 


Dismantling the Meter 


After removing the case, the large horse-shoe magnet 
‘should be taken off ; this can be done by removing the two 
large screws holding the feet of the magnet (4, Fig. 
254) and also the screw, B, holding the supporting 
frame at the top. 
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pliers so as to release the clips holding the magnet pole 
pieces, G and H, below the armature chamber. The two 
large screws, J, Fig. 257, should then be loosened and the 
poles removed. 

The entire armature and supporting frame with damp- 
ing disc complete can then be taken off by removing the 
two supporting screws, M, Fig. 259, and also bending 
back the looped wire, K, Fig. 257. 

With the armature element removed from the frame, 
the next step is to take off the upper part of the damping 
disc frame which supports the top jewel bearing of the 
armature shaft. This can be done by removing the two 


Fig. 256. 
“T’’ Comes Off Next by Loosening Screws 
’E ander Pigeic5r 


Dial Removed. Resistor Element Fig. 257. 
Magnet Poles 


SCHeEWwSs a een! 


Then Loosen Cap Screws “‘D”’ at 
Each Side of Armature Box and Remove 
“qr 
Armature with Frame and 


Fig. 258. Armature Element  Re- 
moved Showing Damping Disc Mag- 


and “H’’ by Loosening nets ‘““W"” and Adjusting Screw ‘xX.’ 


Damping Disc Complete Can Then Be Taken 
Out by Removing Screws ‘“M,” Fig. 259. 


After removing this magnet be sure to lay it across a 
piece of iron to act as a keeper of the magnetism, other- 
wise the magnet will lose much of its magnetism, and 
when replaced in the meter it may not give satisfactory 
operation. 

The dial and recording frame are next to come off, and 
these can be removed by simply forcing out the two lock- 
ing ears, one of which is shown at S, Fig. 255 and the 
other at the opposite side of the dial. These are shown 
in the drawn out position, S,, Fig. 256, with the dial off. 
The leads connecting to the contact points may be cut if 
necessary, although on the new type of meter these leads 
are carried to a small terminal mounted on the frame of 
the gear train and can simply be unscrewed. 

The nickeled copper strips, C, Fig. 255, at each side of 
the meter connecting the resistor element at the bottom 
with the armature chamber at the center of the meter, 
should then be removed by loosening the bolts holding 
them. It will be noted that the lead at the right side is 
considerably heavier than that at the left side: this is to 
compensate for the difference in resistance between the 
coiled wire connecting from the shunt to the meter 
chamber on the right side and short, straight wire at the 
left side. In replacing these copper strips care must be 
taken to insure that the heaviest is placed on the right 
side, making the total resistance of the leads from shunt 
to resistor terminals the same on each side. 

The variable resistor element, T, Fig. 256, located at 
the bottom of the meter should then be removed by 
loosening the screws, E and F, Fig. 257. 

The two cap screws, D, Fig. 257, at each side of the 
armature chamber should then be loosened with a pair of 


screws, L, Fig. 259, at either end of the frame. The 
damping disc comes next, which can be taken off by first 
loosening the two damping disc set screws, N, Fig. 259, 
which allows the disc and worm of the gear train to be 
removed from the armature shaft. 

The six screws holding the hopper cap, O, Fig. 260, 
of the armature chamber, should then be removed and 
the cap taken off. This exposes the mercury in the 
armature chamber and the mercury should then be 
poured off in to a glass jar. Never pour this into a lead 
jar or tin cup, as the mercury will be contaminated by 
the lead or tin. 

Next, after removing the dial supporting frame Q, 
remove the four screws, P, Fig. 260, which hold the arma- 
ture chamber together. With these screws removed, the 
lower bracket of the armature chamber and the thin metal 
bottom plate holding the bottom jewel, U, Fig. 262, 
drops off. 

The armature disc, 7, Fig. 262, should then be removed 
and all of the mercury dross thoroughly brushed off from 
the armature disc and mercury chamber. 


Cleaning the Mercury 


Only chemically pure mercury must be used in the 
meter, inferior grades are sure to cause trouble. A good 
grade of mercury can be used for two or three years, but 
whenever the meter is overhauled the mercury should be 
cleaned. This can be done by making a cornucopia of 
paper so as to have-a very small hole at the bottom; then 
pour the mercury into this cone and allow it to run out 
in a fine stream from the bottom. All of the dross will 
adhere to the sides of the paper cone and the mercury 
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-that runs through should be clean and bright. If the 
mercury after such treatment appears greasy or muddy 
looking, it probably contains lead or other impurities, and 
should be thrown away and new, pure mercury preferably 
that obtained from the manufacturer, should be sub- 
stituted. 


Assembling the Meter 


It will be noticed that the thin metal plate forming the 
bottom of the armature chamber also carries the bottom 
jewel support. In order to make sure that this plate has 
not been bent out of shape, place it in the iron supporting 
frame of the armature chamber and hold it solid against 
the frame with the fingers; then place the armature disc 
with its shaft in the jewel bearing and spin it. There 
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ture frame screws, MV, Fig. 259, should then be tightened, 
and the magnet poles, G and H, Fig. 256, set in place by 
means of their screws, J, be sure, however, that both the 
fibre washers and tubes insulating the magnet poles from 
the screws and also the mica washers and varnished cam- 
bric are in place insulating the poles from the resister 
element below. The resister element can now be added. 

The two set screws, N, of the damping disc can now 
be tightened, thus locking the damping disc to the arma- 
ture shaft. In doing this make sure that damping disc 
comes midway between the magnet tips, 1”, Fig. 258, 
when the meter is in an upright position, the armature 
shaft being then buoyed up by the mercury. 

As explained above, there should now be a slight 
motion of the armature shaft in a vertical direction so as 


Fig. 259. 


Armature Ele- Fig. 260. Next remove 


Fig. 261. 


Then Pour Mer- Fig. 262. Armature Chamber Can Then 


ment Complete as Removed 


from the Meter. Next Step 
is to Remove Top of Frame 
by Loosening the Two 
Screws “L.’’ Damping Disc 
Hub Setscrews Should Then 
Be Loosened and Disc with 
Hub and Driving Worm Re- 
moved from Shaft. 


Hopper Cap ‘‘O’’ by Loosen- 
ing the Six Screws Which 
Hold it. The Mercury Cham- 
ber Will Then Be Exposed. 


cury Into a Glass Jar (Never 
Use Tin, Copper or Lead 
Vessel) and Remove Dial 
Supporting Frame ‘‘Q”’ After 
Which the Bakelite Mer- 
cury Hopper is Removed by 
Loosening the Four Screws 
“P,’’ Note the Dowel Pins 
to Hold Paper Gasket and 


Be Taken Apart as Shown Exposing 
Armature Disc ‘‘V’’ and Bottom Jewel 
“U."" The Circular Laminations “Y” Are 
a Roll of Iron Tape Which Completes the 
Magnetic Path Across the Poles. The 
Meter is Now Completely Apart and 
May Be Reassembled in a Reverse Order. 


Line Up Parts. 


should be just enough clearance between the armature 
disc and the bottom plate to allow the disc to spin freely. 
If there is not enough clearance, that is the jewel is too 
low, when the meter is assembled and the mercury buoys 
up the armature shaft, it will be apt to lift the shaft out 
of the bottom bearing jewel; on the other hand, if it is 
too high it may bind the shaft when the meter is as- 
sembled. This bottom plate may be bent slightly with the 
fingers in order to bring the jewel bearing into about the 
right position. 

The armature box can then be slipped over the arma- 
ture shaft and screwed into place. Be sure, however, that 
the paper washer between the bottom plate and armature 
box is in place, otherwise the mercury will leak out. 

In replacing the mercury it is not necessary to weigh 
it, for a slight variation more or less makes almost no 
difference in the operation of the meter. Mercury should 
be added until the surface comes about even with the bot- 
tom ring of the inclined portion of the mercury hopper 
chamber, or, in other words, covering the wood float by 
about ¥ in. 

The hopper cap should then be screwed back in place 
with the 6 screws and the damping disc replaced on the 
armature shaft. The set screws, NV, Fig. 259, however, 
should not be tightened until after the armature chamber 
is set in place, otherwise the damping disc may bind on 
its magnet. Be sure that the damping magnet tips are 
entirely clean and free from dust and iron filings before 
the damping disc is inserted between them. The arma- 


to allow the bottom bearing of the shaft to be entirely 
free. This movement should not be more than 1/64 in., 
and can be adjusted by loosening the thumb screw jewel 
bearing lock nut at the top of the shaft. With a screw- 
driver then turn the adjusting screw until the bearing is 
brought up tight against the shaft; this must be done 
very carefully so as not to injure the jewel; then back 
away with the adjusting screw 34 of a turn, this will give 
about the right amount of end play to the armature shaft. 

After replacing the leads connecting the resistor ele- 
ment with the armature chamber the horse-shoe magnet 
can be applied and the gear train set in place and locked 
by the ears, A, Fig. 255 and 256. The leads connecting 
up with the contact on the gear train should then be 
soldered and taped or screwed to terminal blocks and the 
meter case applied. The meter is then ready 
calibration. 

Every meter should be calibrated after being dis- 
mantled and cleaned. The calibration of meters of 
ampere hour meters has been discussed in the first part 
of this article. 

It is only within the past eighteen months that ampere 
hour meters have been extensively employed for control- 
ling the battery charging of axle lighting equipment, so 
the subject is more or less new to all of us. Undoubtedly 
some new details of operation and maintenance 
will develop and we invite a free discussion of this 
subject in our Practical Stunts column. Through this 
interchange of ideas and experiences we will all benefit. 
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llolding a Stripped Nut 


A simple method of holding a stripped nut on the ad- 
justment spring rod of an axle lighting generator is 
shown in the accompanying illustration. A piece of No. 
28 gage tin, 3g in. wide and about 6 in. long, is placed 
between the tension rod and the nut, as indicated. The 
nut is then screwed over this strip of tin, which is de- 


7in 


ANN 


formed to fit into the thread and offers sufficient surface 
to adequately hold the nut until a new nut can be applied. 
This practice has been found highly advantageous in 
cases of emergency. M. R. Camois, 
Electrician, Illinois Central, New Orleans, La. 


A Convenient Drill Gage 


Small drills about a shop are continually being 
mixed up, even when kept in a drill rack, and as the 
stenciled sizes on the shank are usually illegible some 
form of a drill gage should be kept in a handy place. 

A convenient form of gage is made by taking a piece 
of steel % in. by 1% in. by 24 inches and drilling a line 
of holes ranging from 1-16 in. to 34 in., including 
the sizes most commonly used. Below each hole stamp 
the size of the drill by which it was drilled. 

This gage should be fastened to the wall near the 
drill press and drill rack by screws. A 1-in. block 
placed under each end will hold the gage 1 in. from 
the wall and provide plenty of room to stick the point 
of the drill through. 

This gage is also handy for choosing a drill with 
which to drill a hole for wires, pins, screws, etc., and 
as it is fastened permanently in one place it can always 
be found. C. B. JENNINGS, 

1018 Western avenue, Topeka, Kan. 


Conduit Installation 


The accompanying illustration shows the common way 
of laying conduit along concrete piers or other outside 
locations. It will be noticed that there is great like- 
lihood of collecting cinders and other dirt, which, after 
a rain-fall, become saturated with water. This water is 
held in the cinders for a long time, especially when the 
conduits are laid for railway bridge work, below the 
track on the piers. It is also well known that refrigera- 
tor cars run over these bridges with their brine drips 
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open, the salt water from which is specially bad for the 
conduit as well as for the steel work, as it produces cor- 
rosion, and eventually holes in the conduit. 

To prevent this difficulty and at the same time to in- 
crease the life of the conduits, the writer devised a sim- 
ple way to eliminate the trouble by using a bracket as 
shown in the illustration, which raises the conduit about 
two inches from the pier. This bracket serves as a sup- 


The Side Elevation at the Left Shows the Common Way of Lay- 
ing Conduit on Concrete Bridge Piers. The End View at the Right 
Shows How the Conduit is Raised Off the Concrete by Using a 
Special Clamp. 


port as well as a conduit clamp and holds the conduit 
free in the air, thus giving the wind a chance to blow 
the cinders away. J. G. Kopret, 

307 South Street, 
Sault Ste Marie, Mich. 


Peculiar Case of Electrolysis 


The accompanying photograph shows the outer and 
inner raceways of a U. S. L. brush holder carrier. 

The car on which this carrier was mounted was caught 
with several others in the flood at Galveston, Texas, last 
September. All cars stood for several hours with their 
batteries and generators under water. In every case the 
brush holder carriers were deeply pitted as shown in the 
photograph. The brass brush holders were pitted in the 
same way, and in some cases the copper terminals at the 
batteries were eaten entirely away. 

Is this pitting due to the action of the salt water or is it 
due to electrolysis caused by the discharge of the batteries 
through the wires and water? 

The action seemed to be confined to the brush rigs and 
battery terminals only, other metal parts escaping. The 
balls in the brush rig bearings were mostly unharmed, al- 
though some of them were slightly rusted. 

C. B. JENNINGS, 
1018 Western Ave., Topeka, Kans. 


Editor’s Note 


The pitting of the brush holder carrier on the U. S. L. 
axle generator, mentioned in the above letter from Mr. 
Jennings was evidently caused by electrolysis while the 
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-machine and the batteries were submerged in the salt 
water. The accompanying schematic diagram of the im- 
portant wiring between the axle generator and the bat- 
teries gives the distribution of the current that would pro- 
duce the pitting of the brush holder and the battery lugs 
as described. It is assumed that the water completely 
submerged both the generator and the battery but not 
the main switch, which was, of course, up in the car on 
the control panel. Under these conditions current from 
the battery would flow from the positive terminal, A, to 
the negative terminal, B, through as many paths as it 
could find. One path would be from A through the salt 
water direct to B. There would also be a certain flow 
of current between the intermediate cells and the extreme 


Fig. 1—A U. S. L. Brush Holder Carrier Which Shows Pitting 
Due to Electrolysis While Submerged In Salt Water During the 
Galveston Flood. 


negative terminal. This current would pit and corrode 
the terminals of the battery as pointed out in Mr. Jen- 
nings’ letter. Another path for the current and the one 
we are mostly interested in, would be from the positive 
terminal A through the salt water to the axle generator, 
through the iron parts of the machine to the brush holder 
carrier, out of this brush holder near the places where the 
brushes are attached, through the salt water into the 
brushes and on through the negative battery lead to the 
battery. In some cases the current would go directly to 
the commutator and the brushes, but the greater portion 
of it would go through the machine frame before it 
reached the ahs te because the machine was enclosed. 
As the brush holder and brushes are insulated from 
the brush holder carrier, which is, of course, grounded or 
connected direct to the machine frame, the current that 
goes into the frame must come out at a point near the 
brush holder and go through the salt water for a short 
distance before it reaches the brush holders. In this case 
the points where the current left the frame of the ma- 
chine to go into the brush holder were at the four points 
on the brush holder carrier between the brush holders. 
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These points are shown in Fig. 1 as badly pitted. Such 
pitting would be expected, under the circumstances, 
because it is well known that electrolysis only takes place 
where current leaves an electrode in a solution of salt, 
acid or other chemical. 

The brushes and the commutator were perhaps the only 
exposed portion of the main wiring exposed to the salt 
water besides the terminals of the battery itself, as all 
wiring was rubber covered and installed in conduit. If 
the terminals on the terminal block of the machine were 
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Axle Z N 
Generator Ce 
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Fig. 2—Schematic Diagram of Main Circuit Wiring of U. S. L., 
Axle Generator and Battery Showing Fiow of Current While the 
Equipment (except main switch) Was Submerged in Salt Water. 


exposed there was undoubtedly some pitting on the gen- 
erator frame near this terminal block where the current 
left the machine frame to enter the nuts and bolts of the 
terminal. It should be noted that under the circum- 
stances both brushes and the entire commutator of the 
axle generator were of the same potential, which was 
very nearly that of the negative end of the battery. 

By referring to Fig. 1, it will be noted that the pitting 
at the bottom of the carrier is more severe than at the top. 

This is probably because the lower terminals became 
submerged first when the water was rising and remained 
submerged longest when the water was falling; in other 
words, the total time that the lower brush holders were: 
under water was greater than the time the upper brush 
holders were under water. It is also possible that the 
gas generated within the enclosed axle machine forced 
the water out of the machine until the pressure of the 
gas equalized the pressure of the water: in this way, the 
water lever in the machine might have been lowered to 
a point between the upper and lower brush holders, leav- 
ing the lower brush holders the only ones submerged 
and, therefore, the only ones which would be causing 
electrolysis. 


New York Electric Car Lighting 
Association 


At the next meeting of the New York Electric Car 
Lighting Association, Jack Sutherland of the New York 
Central at Albany, N. Y., will give a talk on battery 
cleaning. 

This is a most important subject and it is hoped that 
there will be a large attendance and that everyone will 
come prepared to ask questions and to enter into the dis- 
cussion. 

The meeting will be held in room 1030 of the Grand 
Central Terminal station and will be called to order at 
eight o'clock. Everyone should make it a point to be 
there on time. 
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lescent Electric Headlight 


Equipment 


To meet the demands of the railways for incandescent 
headlight equipment the Schroeder Headlight Company, 
Evansville, Ind., has for the past few years given much 
attention to the development of this equipment. At the 
present time it has on the market three types of equip- 


The Sunbeam Headlight 


ment, namely, the 6-volt turbo-generator, having a capa- 
city of 150 watts, and two 32-volt turbo-generators hav- 
ing capacities of 350 watts and 1,000 watts, respectively. 
The 32-volt, 350-watt system has had the most extensive 
use up to the present time, it being the first of the incan- 
descent equipment of that company to be placed on the 
market. It has already been made standard on some 
roads in view of the service it has performed. ‘The fol- 
lowing is a statement of the yearly maintenance cost of 
eight of these equipments reported by a road operating 
in the Middle West: 


Repairs, toy tunpo-cenenratore asm eer eee ee Asie eee 
IDBnoe shine) COS: Gr MCP MCANO Rs ooccanapscess once 39.84 
Incandescentam ied litoiaiaelaitzap seer rere ree 43.20 
Incandescentrcalbm lannp caer etapa tem ttee eet 8.51 

Totals A262 ee oe eee $92.30 


This is an average of $11.54 per machine per year. 
This road uses 150-watt concentrated filament lamps on 
its road engines and 60-watt lamps of the same type at 
the front and back of the yard engines. The equipments 
are handled by the roundhouse machinist, who examines 
the brushes and generator about every 1,000 miles. 
Another road operating 212 headlights of this same type 
finds that with 100-watt, 125-candlepower lamps the re- 
quirements of the Illinois state laws are more than met. 
Tests of the 32-volt equipment made by this road with 
equipments which have been in service six months showed 
that the voltage did not vary more than 234 volts between 
boiler pressures of 100 lb. and 180 lb. This road also 
reports favorable maintenance costs, stating that they do 


* This item was for carbon brushes, showing a perfect record 
for the mechanical construction of the machine. 


not amount to one-half that spent for the are light 
equipments. 

The headlight equipments made by the Schroeder 
Headlight Company are all of the same general design, 
the only difference being in the size of the equipments. 
They will operate at any pressure from 75 lb. up. The 
32-volt outfit weights 175 lb., and is 13 in. high, 24 in. 
long, and 12 in. wide. The body of the generator and 
the turbine is cast in one piece, insuring strength, rigidity 
and bearing alinement. Both the turbine wheel and the 
armature are fastened to the same shaft, which rotates on 
two sets of ball bearings, one located between the genera- 
tor and the turbine wheel, and the other at the commu- 


Schroeder 32-Volt, 


350-Watt Turbo Generator 


tator end of the equipment. The generator is of the two- 
pole type and operates at a speed of 2,400 r.pm. The 
commutator is made extra heavy, and will permit of sev- 
eral machinings before renewal is necessary. The arma- 
ture can be removed quickly ; the outside bearing housing 
is readily removed by taking out three cap screws and one 
retaining nut. 

Steam from the boiler is admitted to the turbine 
through a governor valve that is automatically controlled 
by a centrifugal governor on the end of the turbine shaft, 
which, by regulating the valve opening, maintains con- 
stant turbine speed. 

In designing this turbo-generator care was taken to 
keep all parts easily accessible for inspection or repairs, 
and to provide large bearings. A detachable outer shell 
at either end provides almost instant access to the gov- 
ernor on one end and the armature on the other. Further 
removal of a cast iron housing, which is held by set 
screws, gives access to the turbine wheel or armature. 
Lubrication is provided for by grease cups and large 
grease wells which surround the ball bearings, making 
daily attention unnecessary. 

The six-volt turbo-generator system is the latest de- 
velopment. It has a capacity of 150 watts at 2,400 rpm. 
The weight is 120 1b., and the over-all dimensions, 14 in. 
by 19 in. by 15 in. high. The machine is built either with 
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or without the throttling governor. When used without 


-the governor the speed is kept practically constant by 


means of a reducing valve supplemented by a patented 
friction device, which prevents excessive speed. Grease 
is prevented from leaking out of the bearings by bushings 
having spiral oil grooves cut in them, which tend to 
return the lubricant to the bearings. This effects econo- 
my in lubrication and also prevents grease getting on the 
generator windings. 

This company also makes the headlight case and fix- 


Bs 


Details of the Sunbeam Headlight Showing the Arrangement of 


Reflectors and Lamps.. The 8 c. p. Lamp at the Right Is 
for Illuminating the Number Plates 


tures, which is known as the “Sunbeam” headlight. It is 
made for either a 6-volt or a 32-volt system, the only dif- 
ference being in the incandescent light bulb. It has a 
heavy 12-in. mirror glass reflector slightly colored to 
make the light more penetrating. This never needs re- 
plating and does not tarnish. The lamp socket is adjust- 
able, permitting the use and accurate focusing of any size 
incandescent round bulb or concentrated filament nitrogen 
lamp up to 250 watts. The distance at which objects can 
be discerned varies from 800 ft. to 2,000 ft., depending on 
the type of lamp used. 

Number plates are provided at each side of the head- 
light, which are illuminated by a small, bulb at night. 

The headlight case is substantially constructed of 
metal; the doors are swung on heavy hinges and secured, 
when closed, by thumb screws, making it dustproof. It 
is supported by heavy iron brackets riveted to the body 
of the headlight and bolted to the support on the 
locomotive. 

Headlights with other types of reflectors can be fur- 
nished in any special size and design having any size or 
type of number plate. This company also makes adjust- 
able stands for incandescent bulbs for use in old type head- 
light cases, having large or small reflectors. These stands 
are adjustable to permit of properly focussing the lamp 
bulb in the reflector. 


Three-Wire System Witlh 
Rotary Balancer 
By J. G Koppel 


The advantages in the use of the direct current, three- 
wire system are well known, and have led to its general 
adoption for the transmission and distribution of electri- 
cal energy from central stations, as well as in connection 
with the isolated plant service. In fact, there is no class 
of service having a fairly well divided lighting and power 
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load, in which this system cannot be economically and 
effectively employed. The two voltages existing on the 
system, usually 110 and 220, meets the requirements of 
lighting and power service, respectively, in an ideal man- 
ner, inherent characteristics of lamps requiring the lower 
voltage, while motors are usually more economical and 
efficient at the higher voltage. The combination also 
affords a convenient means of operating variable-speed 
motors on a two-voltage system. 

The majority of straight three-wire generators now in 
service are either of the Dobrowolsky type or one of its 
modifications. It may be regarded as an adapted two- 
wire generator, in which such a generator operates in 
conjunction with an ordinary auto-transformer with a 
single winding on a laminated core. The outer terminals 
of the transformer are connected to brushes which bear 
on slip-rings which are in turn connected to the arma- 
ture windings at two or four points of opposite polarity, 
thus forming a single or two-phase connection to the 
armature. The neutral wire is taken off at the middle 
of the transformer. This is shown diagrammatically in 
the accompanying illustration, where two balancing coils 
fre? “oride “ble anc four sip-rinos ate. employed; ‘The 
connection between the slip-rings and the armature is 
two-phase. 


Shiela lo 


Diagram of Connections for a Three-Wire Generator. 


The coils of the transformer are wound on a laminated 
core and, therefore, have a high inductance. They are 
also subjected to an alternating potential from the arma- 
ture, and, by reason of the counter electromotive force 
generated in them, the potential between the neutral wire 
and either outside lead of the generator will be one-half 
that between the two outside wires. The unbalanced 
current on the system may flow in either direction in the 
neutral, depending on which side is most heavily loaded. 

In any case, the neutral current is divided in the bal- 
ancing coil. This current meets with no opposition in 
the coil other than the ohmic resistance, and as it has 
opposite directions around the core, its magnetizing effect 
on the latter is zero. There is, therefore, no interference, 
from this source, with the choking or inductive effect of 
the balancing coil on the alternating current to which it 
is subjected. 

In practice the auto-transformer, which is generally 
built in compact form and mounted in a cast-iron case 
filled with oil, can be placed in any convenient location, 
as the leads from it to the generator slip-rings can be of 
any desired length. 
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W. JX. Meirn 


W. H. Keirn, who was chief electrician of the Phila- 
delphia terminal division of the Pennsylvania Railroad, 
died shortly after nine o’clock, Tuesday morning, 
March 28, at his home in Philadelphia, and was buried 
in Altoona on Friday, March 31. Mr. Keirn was 51 
years old and had been with the Pennsylvania prac- 
tically all his life. He came from the Baltimore shops on 
January 1, 1910, to take charge of all electric light 
and power work for the Pennsylvania in the Philadel- 
phia district, including the supervision of three power 
plants and of electric train lighting. Mr. Keirn took 


W. H. Keirn. 


sick in Altoona on Monday and went home that after- 
noon, he ate a good supper that evening and seemed 
to feel better but later in the night he had a severe 
hemorrhage of the stomach from which he did not re- 
cover. 

Mr. Keirn’s untiring energy and devotion to duty made 
him a valuable officer for the company; his good-will 
and never failing humor endeared him to all of his 
associates ; and his sterling qualities as a man commanded 
the respect of all who knew him. Those who were in 
daily contact with him miss him as an indefatigable 
worker, an able engineer and a devoted friend. 


Se rR aE | 
G. D. Smith 


Mr. Geo. Drake Smith, for the past two years Super- 
visor of Agencies for the General Vehicle Company, Inc., 
has been appointed Special Assistant to Mr. Harrison G. 
Thompson, Vice-President and General Sales Manager, 
Edison Storage Battery Company. Mr. Smith will make 
his headquarters at the factory and main office, Orange, 


Mean 


Mr. Smith is widely known throughout the electrical 
industry, especially to the central station officials and 
operators who know him for his conscientious endeavor 
and successful effort in placing the electric commercial 
vehicle on a firmer footing in the United States and 
Canada. 


G. ld. Groce 


George H. Groce, who has recently been appointed 
western sales manager of the railroad department of the 
Electric Storage Battery Company, with offices in Chi- 
cago, was born February 19, 1864, at Tarentum, Pa. He 
was educated in the public schools and entered railway 
service in 1880 as telegraph operator for the Pittsburgh 
& Lake Erie. From that time to 1897 he was consecu- 
tively telegraph operator, agent and train despatcher on 
various roads. From 1897 to 1899 he was superintendent 
of telegraph of the Baltimore & Ohio Southwestern sys- 
tem. He was then appointed superintendent of the 
Springfield division of the same road, and from 1902 to 
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1903 was southwestern agent of the Taylor Signal Com- 
pany, with office at St. Louis, Mo. From that time to 
February, 1910, he was superintendent of telegraph and 
assistant to the general manager of the Illinois Central. 
He left that road to accept a position as assistant to the 
president of the General Railway Signal Company, leav- 
ing that position in December, 1912, to go with the 
Wright Telegraphic Typewriter Company as vice-presi- 
dent, where he remained until the end of 1914. During 
1915 he was special selling representative for the General 
Railway Signal Company, from which company he re- 
signed to go with the Electric Storage Battery Company 
on January 1, 1916, as above noted. 
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C. D. Sperry 


The many railroad friends of Carleton D. Sperry will 
be interested to learn that he has been appointed to the 
railway sales department of the B. F. Goodrich Company. 
Mr. Sperry was editor of the Railway Electrical Engineer 
up to December, 1915, at which time he entered the 
employ of B. F. Goodrich Company. During his connec- 
tion with the Radway Electrical Engineer Mr. Sperry had 
been very active, not only as a member of the staff of this 
publication but in association matters as well. In this 
latter connection his labors on some of the technical work 
on two or three of the more important committees have 
been of material assistance in advancing the work of these 
committees. 

During his brief connection with the Goodrich com- 
pany Mr. Sperry has been given the advantage of a most 
thorough training in all branches of the rubber industry. 
His many railroad friends, however, will be interested to 
learn that he has been recently assigned to work in con- 
nection with the engineering and sales problems of steam 
railroad equipment under C. M. Woodruff, manager of 
the railway department. 

Mr. Sperry is a graduate of the electrical and mechan- 
ical engineering schools of the University of Wisconsin. 
There are few young men who so well combine a thor- 
ough technical training, a full appreciation of the practical 
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A Correction 


Your attention is called to an error on page 303 of the 
March, 1916, issue of the Railway Electrical Engineer, 
where, in answering the question “Is it possible to reverse 
the parts of a negative plate in such a case?” the answer 
is given as “No, it is not, because of the different ma- 
terial in the two plates; the positive plate being iron and 
the negative nickel.’ The latter part of this answer 
should read “—the positive being nickel and the nega- 
tive iron. 


Annual Electrical Night Meeting of the New York 
Railroad Club 


The New York Railroad Club held its annual electric 
night at the Engineering Societies building in New York 
on Friday, March 17. E. B. Katte, chief engineer of 
electric traction of the New York Central, presided and 
George Gibbs, of Gibbs & Hill, consulting engineers of 
New York, presented the paper of the evening on the 
smoke abatement report of the Chicago Association of 
Commerce. Mr. Gibbs illustrated his remarks with lan- 
tern slides showing maps, diagrams, charts and photo- 
graphs, taken from the million word report. An abstract 
of this report appeared in the December, 1915, issue of 
the Railway Electrical Engimeer. 

After Mr. Gibbs presented his paper the meeting was 
devoted to a general discussion in which several promi- 
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side of engineering problems and a pleasing personality 
that makes us all his friends—here’s success to you, Carl! 


ns 


S. W. Kverett 


On January 1, S. W. Everett resigned from the Atchi- 
son, Topeka & Santa Fe, where he has held the position 
of electrical engineer since February 1, 1914. Mr. 
Everett was born in 1858 and received an education in 
the public schools at Topeka, Kan., and at the University 
of Kansas at Lawrence, Kan., where he took a special 
course in electrical work. His first actual experience in 
this line, however, was with the Topeka Edison Company 
where he worked for a number of years. His first car 
lighting work was with the National Car Lighting Com- 
pany in 1896. Shortly afterwards he was employed by 
the Consolidated Railway Electric Lighting & Equipment 
Company at Topeka in connection with the maintenance 
of their axle lighting equipment on the Santa Fe. Later, 
when this work was taken over by the Santa Fe, Mr. 
Everett entered the Santa Fe service on May 18, 1901, 
at Argentine, Kan., as axle light inspector. On July 1, 
1904, he was appointed assistant electrical engineer. It 
is generally understood that Mr. Everett has reverted to 
his primeval state and has taken up farming as a vocation. 
As yet no one has been appointed to succeed him. 
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nent railway electrical engineers and other engineers in- 
terested in the subject participated. William McClellan, 
consulting engineer of New York, said that he questioned 
the right of a city to compel any railroad or combination 
of railroads to stand the entire expense of a purely civic 
improvement, such as the electrification of the Chicago 
terminals for the sole purpose of eliminating five per cent 
of the gases pollution and four per cent of the solid pollu- 
tion of Chicago’s atmosphere would be. Mr. McClellan 
said that he agreed with Col. Prouty of the Interstate 
Commerce Commission, who maintained that a railroad 
performs its entire duty in transporting passengers and 
freight with minimum delay and reasonable comfort ; that 
the magnificent passenger terminals, which have been 
erected in some cities, while forming dignified terminals to 
great railroad systems, are not absolutely essential to the 
transportation of passengers and would, therefore, more 
properly come under the head of civic improvements 
rather than legitimate railroad improvements. Mr. Mc- 
Clellan held that in the case of Chicago, the entire electri- 
fication of the railroad terminals as a means of reducing 
the smoke nuisance would, in the same manner, be classed 
as a civic improvement and the expense therewith should 
be borne by the city benefited. He said it might be 
claimed that the saving in operating expenses effected 
by electric operation would warrant the expenditure by 
the railroads. He then pointed out that the annual charge 
on the total cost of the electrification would be $16,946,- 
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436, and that the operating saving would be only $2,336,- 
693, thus leaving an annual deficit of $14,609,743. 

Mr. McClellan also called attention to the fact that the 
committee of the Chicago Association of Commerce, when 
compiling its estimate of the cost of electrifying the Chi- 
cago terminal, was undoubtedly impressed by the 
knowledge that the estimate would be subjected to the 
most searching scrutiny by those particularly interested 
in forcing such an electrification. For this reason, he 
said, it is reasonable to assume that the estimate as finally 
prepared is most conservative and would not, perhaps, 
cover the total cost incident to the complete electrifica- 
tion. Considering the magnitude of this work which 
would involve the electrification of 3,476 miles of track, 
a large proportion of which are in the form of compli- 
cated yards, and also considering the amount of recon- 
struction work necessary, such as regrading yards and 
tracks, terminal approaches and overhead crossings, it 
would be unusual if many extra expenses did not creep 
in that could not possibly have been foreseen. This is 
always true where the work is new and where it is car- 
ried on under new conditions, necessitating frequent 
changes in design and in construction. 

Mr. McClellan pointed out that the cost of the 1mprove- 
ment as estimated by the committee was held, by them, 
to be so great as to warrant their reporting the electrifica- 
tion to be financially impractical, and in calling attention 
to the probable conservative nature of this estimate, he 
said he intended not to criticize but rather to strengthen 
the committee’s contention in regard to the financial 1m- 
practicability of the undertaking. 

C. H, Quinn, chiet electricalvenzineer otihe Nortolk< 
& Western, brought out the fact that the locomotives en- 
gaged in suburban passenger service, contrary to public 
opinion, produced only 1.54 per cent of the visible smoke 
in the city while yard and transfer locomotives produced 
15.03. per cent, of ther totaly. In other words = thesser vice 
which had appeared so objectionable and which, no doubt. 
started the agitation for electrification really is not so 
great a smoke producer as the yard and transfer service 
about which little complaint was made, and that the per 
cent of the total smoke in the city produced by steam 
locomotives is exceedingly small as compared to other 
agencies. 

It was the unanimous opinion of those who entered into 
the discussion that the investigation of the Chicago Asso- 
ciation of Commerce committee on smoke abatement and 
electrification of railway terminals was the most compre- 
hensive and complete work of the kind that has ever 
been attempted. 


Changing Edison Batteries in Six Minutes 


The eastern terminal of the New York, Ontario & 
Western Railway Company is at Weehawken, N. J., 
but the facilities for handling and overhauling storage 
batteries at that point are limited, because the com- 
pany has trackage rights only at that point and does 
not own property on which they could erect a building 
of sufficient size to even store materials, such as dis- 
tilled water, electrolyte or other material necessary 
in the maintenance of storage batteries. 

The main shops of the New York, Ontario & West- 
ern are located at Middletown, N. Y., 78 miles from 
Weehawken, and here ample facilities are provided 
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for cleaning batteries and other electrical equipment. 
It is at this point that the majority of the work on the 
electric lighted cars and the electric lighting equip- 
ment is done. Although passenger trains do not ter- 
minate at Middletown they stop there ten minutes for 
engine changes and general inspection. 

Recently the Edison storage batteries in 12 cars re- 
quired a complete overhauling and under the circum- 
stances it was necessary to remove these batteries and 
replace them with good sets without taking the cars 
out of service. Because of the lack-of space and fa- 
cilities at Weehawken, it was decided to make these 
changes at Middletown. One car was taken out of 
service and placed at Middletown, its batteries were 
removed and thoroughly overhauled, and the cells 
were re-assembled, ready to be put back in another 
car. The change was made while the train was stand- 
ing at Middletown. The battery was taken out of one 
car in the train and an overhauled set was put in and 
connected up. The average time for making this 
change on all cars was six minutes per car. 


Rail Joints and Bonds 


“Modern Practice in the Construction and Mainte- 
nance of Rail Joints and Bonds in Electric Railways” is 
the title of Technologic Paper No. 62 just issued by the 
Bureau of Standards, Department of Commerce. The 
paper is largely a compilation of information in the 
nature of data and opinions submitted by forty-two 
electric railway companies who answered inquiries sent 
out by the Bureau. 

Analysis of the data shows that soldered bonds 
have been demonstrated to be unsuccessful and are now 
practically obsolete while all other types of standard 
bonds are capable of giving good results, but only when 
carefully installed. 

Loose rail joints are shown to be the most prevalent 
cause of bond failures and, as a result, there appears to 
be a marked tendency toward the adoption of improved 
methods and materials in their construction. The adop- 
tion of various types of welded joints to take the place 
of the common bolted joint appears to be in progress in 
most of the larger cities. The whole problem of track 
bonding is shown to be in a state of evolution owing to 
new inventions and recent improvements in methods of 
construction and, as a result, complete standardization of 
these practices cannot be expected for some time to 
come. 

The character of track bonding is determined largely 
by the necessity for good operation and the prevention 
of stray currents which have a corrosive action on under- 
ground pipes. Economic considerations are shown to be 
of secondary importance. 

Copies of the publication will be sent free to those 
interested who apply to the Bureau of Standards, Wash- 
ington; Doe. 


American Electric Railway Engineering Association 


The 1915 proceedings of the American Electric Rail- 
way Engineering Association has just been published in 
a volume of 623 pages. The proceedings contain a com- 
plete report of the thirteenth annual convention held at 
Native Sons of Golden West building, San Francisco, 
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Cal., October 4, 5, 6, 7 and 8, 1915. The reports of the 
following committees are of especial interest to electrical 
engineers of steam railroads: Committee on Lightning 
Protection; Committee on Standards; Committee on 
Power Distribution; Joint Committee on Block Signals 
for Electric Railways; Committee on Equipment; Com- 
mittee on Buildings and Structures; Joint Committee on 
Engineering Accounting; Joint Committee on Life of 
Railway Physical Property; Committee on Power Gen- 
eration, and the report of the Committee on Heavy Elec- 
tric Traction, which covers the Clearance Lines for third 
rail working conductor, a Definition of Third Rail Gage, 
the Protection of Contact Rail Where Protected Third 
Rail is Used, and a Study of Modern Electric Locomo- 
tives. The proceedings also contain the report of the 
Committee on Electrolysis. 


Photometry of the Gas-Filled Lamp 


The new high efficiency gas-filled lamp introduces 
variables not hitherto encountered in the photometry 
of incandescent electric lamps. This matter has been 
made the subject of a study by the Bureau of Stand- 
ards, Department of Commerce, and the results there- 
of have just been published in Scientific Paper No. 264. 

On account of the comparative broadness of the fila- 
ment spiral and the dissvmmetry of the filament mount- 
ing, there is considerable irregularity in the distribu- 
tion of the light about the vertical axis. Consequently, 
when the lamp is rotated, as is commonly done in rat- 
ing lamps at the factory, the light as seen in the pho- 
tometer flickers so excessively as to render accurate 
measurements of candlepower practically impossible 
without the use of auxiliary apparatus. However, as 
is sometimes done, if two mirrors inclined to each 
other be placed back of the lamp, the flickering is so 
much reduced as to permit accurate candlepower 
measurements even at very low speeds of rotation. 

But this expedient does not eliminate the most seri- 
ous trouble. causd by rotation. It was found that at 
constant voltage both the current consumed and the 
candlepower are different when the lamp is rotating 
than when it is stationary, the current changing in 
one direction and the candlepower always in the oppo- 
site direction ; that is, there is a change in the operating 
efficiency of the lamp. Furthermore, this change in 
efficiency may be either positive or negative, depend- 
ing upon the speed, and it is about twice as great when 
the lamp is rotating tip up as when it is tip down. 

Fortunately, from the standpoint of photometry, 
there is for each lamp in either position a particular 
speed at which the current and the candlepower have 
the same values, respectively, as when the. lamp is 
stationary. Hence, with the lamp rotating at this 
speed, its candlepower can be measured with accuracy 
in spite of its rotation. The speed for the above con- 
dition is practically the same for all lamps having the 
same number of loops in the filament; but, for lamps 
having different forms of filament mounting, it varies 
from lamp to lamp, being greatest for those having 
the smallest number of loops in the filament. 

If the above precaution as to speed adjustment 1s 
not observed and lamps are rated while rotating at 
speeds ordinarily used in photometering vacuum 
lamps, the errors which enter may amount to as much 


BLEGIRICAL “ENGINEER 


339 


as 1 to 2 per cent in current, or watts, in one direction, 
and as much as 15 to 20 per cent in candlepower in the 
opposite direction. Hence, the voltage found for a de- 
sired operating efhiciency may be so much in error as 
to give a lamp on test at this rated voltage a fictitious 
life value three or four times as large as the lamp 
would give if it were operated stationary at a voltage 
corresponding to that efficiency which during the 
rating was only apparent. That is, the lamp may be 
given eredit for a much longer life than it really de- 
serves. On the other hand, the speed may be such as 
to cause errors in the opposite direction resulting in a 
lamp life much shorter than would be expected from 
the apparent efficiency rating. 

Another peculiarity of the gas-filled lamp is that 
while it burns the blackening occurs, not all over the 
bulb in approximate proportion to the light distribu- 
tion as in the vacuum lamp, but principally at the top 
of the bulb, because the volatilized material is carried 
upward by the gas. Hence, in making a life test, a 
true measure of the reduction in total hght during 
the life of the lamp cannot be obtained, in the usual 
manner, by mean horizontal candlepower measure- 
ments, but by determinations of the total flux or mean 
spherical candlepower. This is accomplished most 
rapidly and conveniently by means of an integrating 
photometer, such as the Ulbricht sphere, in which the 
lamp is measured stationary, and thus all the compli- 
cations arising from rotation are entirely avoided. 

As to the cause of the variations observed in candle- 
power and efficiency when the lamp is rotated, it is 
concluded from the results of a number of special 
tests that the whole effect is produced by a change in 
the convection currents of the gas, a consequent varia- 
tion in the temperature distribution in the bulb, result- 
ing ina change in the resistance, and therefore a varia- 
tion in the current and candlepower of the lamp. 

Copies of the paper, which is entitled “Photometry 
of the Gas-Filled Lamp,” may be obtained without 
charge by persons interested upon application to the 
Bureau of Standards, Washington, D. C. 


U. S. L. Announcement 


The U. S. Light & Heat Corporation, Niagara Falls, 
N. Y., has issued the following: The Safety Car Heat- 
ing & Lighting Company alleged some time ago that the 
U. S. Light & Heat Corporation was infringing its 
Thomson regulator for car lighting. The United States 
District Court for the Western district of New York 
held that this patent was invalid and hence that the 
U. S. Light & Heat Corporation was fully justified in 
its use of the carbon disc regulator. The court held 
that this company, through its predecessors, had used the 
carbon disc regulator prior to the Thomson patent and 
that the patent did not cover any additional patentable 
feature. The Safety Company appealed from this de- 
cision to the Court of Appeals for the Second Circuit 
which court has recently affirmed the decision of the 
lower court, holding the patent invalid. The Safety 
Company attempted to obtain a rehearing before the 
Court of Appeals, but this hearing has been denied, so 
that the suit is finally settled in favor of the U. S. Light 
& Heat Corporation. 
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New Books of Imterest to Raile 
way Electrical Engineers 


Pole and Tower Line for Electric Tower Transmission.. By R. D. 
Coombs, C.E. 272 pages, 162 illustrations, 61% in. by 9% in. Bound in 
cloth. Published by the McGraw-Hill Book Company, Inc., 239 West 39th 
street, New York. Price, $2.50. 

It is not the purpose of the writer to deal with purely 
electrical problems such as the relation of voltage and size 
of wires to the electrical characteristic of the line or with 
such very specialized matters as the design of insulators. 
The problem is rather to develop a clear perception of the 
application of the laws of mechanics to the case in hand. 
The following items are well covered: 

Types of Construction; Loading; Wires and Cables ; 
Designs ; Wooden Poles, Steel Poles and Towers; Special 
Structures; Concrete Poles; Foundations; Protective 
Coating; Line Material; Erection and Cost; Protection 
and Specifications. 


Trade Publications 


The E. S. B. Constant Voltage Axle Lighting ’Sys- 
tem.—Bulletin No. 154, issued under date of March, 
1916, by the Electric Storage Battery Company, Phila- 
delphia, Pa., describes in considerable detail the funda- 
mental principles, the method of operation, details of 
construction and contains some performance records of 
the E. S. B. axle lighting system. The fundamental 
principle of the E. S. B. axle system is constant voltage 
as distinguished from constant current. The first part 
of the bulletin explains how this constant voltage control 
insures maximum battery life, maximum interval between 
cleanings, infrequent flushing, elimination of lamp regu- 
lators and the elimination of adjustment for varying 
conditions of operation. 

The operation of the ES. B.axle system is fully ex- 
plained in part 2. The distinguishing feature of this sys- 
tem is the use of the Rosenberg type of dynamo where 
the main field is produced by a magneto motive force 
developed by the armature winding. It is explained how, 
by the use of this type of dynamo and by the use of the 
Wheatstone bridge method of field control, the pole 
changer and the lamp regulator are eliminated, as are 
also the danger from overload and reversal of polarity. 
This part of the bulletin also explains why it is not neces- 
sary to have any levers, pivots, carbon piles, vibrating 
contacts or moving parts (except in the automatic switch) 
on the control panel. 

The details of the construction are thoroughly de- 
scribed in part 3. One of the figures in this part of the 
bulletin shows three views of the new _ body-hung 
suspension. 

Some interesting facts regarding the actual operation 
of the FE. S. B. equipment, as installed on various rail- 
roads, are given in part 4. These performance records 
are complete and instructive and are accompanied by 
operation curves, plotted from data taken under actual 
operating conditions. 

A copy of this bulletin will be forwarded to any of our 
readers upon application to the Electric Storage Battery 
Company, Philadelphia. 


Incandescent Headlights—Bulletin No. 43800, just 
issued by the General Electric Company, illustrates and 
describes that company’s incandescent headlights for 
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street railway service. The headlights referred to are of 
three classes, namely, for slow speed city service; for 
moderate speed city and suburban service, and for inter- 
urban service. All of these headlights are arranged to 
use focus type Mazda lamps. The headlights can be 
furnished with reflectors made of aluminum, silver- 
plated brass, or with silvered glass mirror. The bulletin 
describes headlights which may be mounted on the front 
car dash or recessed; or may be transferred from one 
end of the car to the other at the end of a run, in which 
case the connections are made by suitable plugs and 
receptacles. The publication contains information rela- 
tive to the selection of not only the proper headlight, but 
also of the incandescent lamp used with it. 


Industrial Preparedness ae 


At the sixth annual banquet of the Westinghouse 
Interests in the Pittsburgh District held under the aus- 
pices of the Westinghouse Club, Saturday evening, 
March 11, in the Fort Pitt Hotel, the “principat 
speaker was Mr. Wm. L. Saunders, vice-chairman of 
the Naval Consulting Board, and chairman of the Board 
of Directors of the Ingersoll Rand Company, New York. 

Mr. Saunders had chosen for his subject “Industrial 
Preparedness for Peace and War,” and in the course of 
his remarks said that if the industrial strength of the 
United States became known, no foreign country would 
dare attack us. “We are the largest and richest of all 
industrial nations.. This is generally admitted. The last 
census (1912) showed the wealth of the United States 
to be about one hundred and eighty-eight thousand mil- 
lion dollars; to-day it is probably two hundred thousand 
million dollars. The consumption of coal in the United 
States is five tons per capita—a larger coal consumption 
than that of any other nation. The per capita coal con- 
sumption of the great industrial nations, England and Ger- 
many, is four tons, while that of France is 1.6 tons, and 
Russia with its millions of population is only one-fourth 
of a ton. This means that our industrial wealth is enor- 
mous, and it is industrial wealth which offers the great- 
est protection to a nation in time of war. It is obvious 
that this industrial wealth cannot be utilized to full 
measure unless it is organized, and it is obvious that it 
takes a long time to organize a country so big as the 
United States, hence the importance of beginning now 
to place our industries in a position where they will 
respond quickly and fully to the needs of the govern- 
ment in case of trouble.” 

“This is a subject which should particularly interest: 
Pittsburgh because it is one of our largest industrial’ 
cities. Being situated back from the exposed coast,. 
Pittsburgh would naturally occupy a place of importance: 
in time of trouble. The President of the United States. 
has asked the five leading engineering societies, namely, 
Civil, Mining, Mechanical, Electrical and Chemical, to: 
organize the industries of the country.” 

“A plan has been formulated by the Naval Consulting” 
Board involving a directorate of engineers in each of the: 
forty-eight states of the Union—this directorate to con- 
sist of five men, one from each of the societies men-- 
tioned. These men have been selected by their respec~ 
tive societies and will have the aid of all the other engi- 
neers in the states tabulating and co-relating our indus-- 
trial resources.” 
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Semi-Annual Convention of the 


The semi-annual convention of the Association of Rail- 
-way Electrical Engineers will be held at the Hotel Denis, 
Atlantic City, N. J., June 16. Judging from the 
marked activity on the part of the various committees 
during the winter months, we are led to believe that this 
will be by far the most interesting and effective semi- 
annual convention which the association has ever held. 
Important subjects which will be discussed are, the new 
basis for rating incandescent lamps, anti-friction bearings 
for electric motors, standardization of crane motors, 


BLEACH RIC AL. 


ENGINEER 341 
metal conduit specifications, arc welding, and compressed 
air equipment versus electric operated tools in railway 
shops, etc. 

This will be only a one-day session, but as it comes on 
Friday it will give opportunity to the electrical men of 
the railroads to spend the following day making a study 
of the many exhibits on the convention pier of interest to 
electrical men. The Master Car Builders’ convention will 
be held June 14, 15 and 16 and the Master Mechanics’ 
convention June 19, 20 and 21. 

The Atlantic City conventions are among the most 
important railroad conventions of the year. It is there- 
fore hoped that a large number of electrical men will take 
advantage of the opportunities offered by the elaborate 
exhibits and the semi-annual convention of the A. R. E. E. 

The annual convention at Chicago will be held in 
the La Salle Hotel, October 30 to November 3, inclusive. 


Overhauling Lead Storage 
Batteries 


“When should a lead storage battery be given a regu- 
lar overhauling?” “Should it be cleaned at regular stated 
intervals, or should it bé cleaned only when conditions 
warrant it?” This is a question of vital interest to all car 
lighting men because the battery is, without doubt, the 
heart of the car lighting equipment. If the generator 
breaks down, if a belt falls off, or if for any other reason 
the generating parts of the equipment becomes inopera- 
tive, there are good reasons to believe that the car will 
still reach its terminal without a light failure, the lights 
burning from the battery entirely. On the other hand, if 
the battery is far below its normal capacity, or if for any 
other reasons the battery should fail, a bad light failure 
is very likely to result. For this reason it is important 
that the battery should at all times be kept in good condi- 
tion and up to full capacity. It is gratifying to note that 
car lighting engineers are realizing this fact more and 
more every day and are continually increasing their 
efforts to maintain their batteries in perfect condition. 

As any battery will deteriorate slowly with use, mainly 
because of the accumulation of sediment at the bottom of 
the tank which finally reaches the plates and short circuits 
them, it becomes necessary to occasionally dismantle the 
battery and give it a thorough overhauling and cleaning. 
The frequency of these cleanings depends upon the work 
which the battery has been doing and the treatment it 
has received. 

In some cases the frequent cleaning of storage batteries 
has been carried too far. In general, the most satisfac- 
tory method is to adhere to the rule that a storage battery 
should never be overhauled until it is absolutely necessary, 
and it is seldom necessary until just before the sediment 
is actually in contact with the plates. On some roads 
the practice is to overhaul the storage batteries at regu- 
lar intervals, in some cases once every twelve months, in 
others every eighteen months, etc., whereas the time fac- 
tor should be entirely disregarded and the actual condition 
of the battery should be taken into account in each case 
before it is decided to overhaul it. 

It is easily possible to do a battery more harm than 
good when overhauling it; in fact, the less a battery is 
tampered with the better off it is and the longer life it 
will give. It is good practice to inspect batteries regu- 
larly, say once every four or six months, in order to note 
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the condition of the cells and to see how fast the sediment 
is accumulating. Finally, when it is found that the sedi- 
ment is very near the bottom of the plates, the cells so 
found should be sent to the shops and thoroughly over- 
hauled, but in no case should*a cell be washed until it 
actually needs washing. The ideal time to take a cell out 
for overhauling and washing would be the day before the 
sediment actually touches the plate. Such close work, of 
course, is impractical, but it is true, nevertheless, that to 
overhaul a battery much before this ideal time arrives 1s 
not only unnecessary and undesirable, but is expensive 
and should be avoided except in cases where unusual 
trouble has developed. 


Standardization of Voltage for 
Electrification 


Elsewhere in this issue appears an abstract of an article 
on High Voltage Direct Current Railway Practice pre- 
sented before the American Institute of Electrical En- 
gineers in New York on April 14. The author of the 
paper advocates the adoption of 5,000 volts as a standard 
trolley voltage for all future main line and suburban elec- 
trification, on the basis that that voltage is the logical 
maximum towards which modern development tends. 
The recommendation is also based on the satisfactory 
operation of the 5,000-volt experimental equipment on 
the Michigan United Traction Line, which equipment has 
been in service since June 1, 1915. 

The-presentation .of this:paper-brought out a lively dis- 
cussion on the part of many eminent engineers who were 
present. This discussion showed that while a high volt- 
age for electric railways is desirable from a standpoint of 
economy in power distribution, it should not be forgotten 
that the first cost and the maintenance cost of the rolling 
stock is also most important. It is, of course, evident that 
the higher the voltage the more expensive will be the 
electric locomotives and motor cars and the more it will 
cost to maintain them. The entire problem resolves itself 
into choosing a voltage that will give an economical 
balance between the cost of the transmission system and 
the cost of the rolling stock, and until it is definitely 
proved that 5,000 volts will give this balance, in the 
majority of installations, it cannot be accepted as a stand- 
ard. For this reason and in the light of the little expe- 
rience that we have had with 5,000-volt equipment it does 
not seem that the time has yet come to consider this the 
standard voltage for heavy electric traction d.c. systems. 

The real object of the paper in question was, no 
doubt, to urge the adoption, as soon as possible, of a 
voltage that will give the best results under all aver- 
age conditions so as to reduce the first cost and cost 
of maintenance of equipment. By thus bringing this 
important question before the American Institute of 
Electrical Engineers the paper proved to be of real 
service to the art and to the profession. 


Counting the Cost of Anti-Frice 
tion Bearings 


The chief objection to a very general use of. anti-fric- 
tion bearings for electric motors will be found in the 
argument that their cost is prohibitive. There are many 
things to be considered, however, aside from the simple 
comparison of the first cost of an anti-friction bearing 


ELECTRICAL ENGINEER 


Vok. 7, No 42 


versus the first cost of a sleeve-bearing, for in designing 
a motor to be equipped with anti-friction bearings numer- 
ous changes may be introduced which will simplify con- 
struction, reduce the length of the machine, lessen the 
size of shaft necessary and even result in a reduction in 
the iron and copper required; but above all, in counting 
the cost, the added reliability and decreased maintenance 
cost of the anti-friction bearing must be considered. 

Some of these points are at once evident, such as the 
decreased length of the machine, the smaller shaft, made 
possible by the shorter distance between centers of sup- 
port ; the elimination of bulky and expensive oil wells and 
oiling mechanism and the great reduction in air gap made 
possible by the non-wearing characteristic of the anti- 
friction bearings. By taking advantage of this latter 
point when designing induction motors, less magnetizing 
force will be required for the same output, which means 
a more efficient motor and a motor with a higher power 
factor, the latter being a point of considerable importance 
in railroad machine shops today. 

In making a comparison purely on a basis of first cost. 
provided the whole story be told, it can be said that the 
cost of building motors with anti-friction bearings will 
undoubtedly come much nearer to the cost of sleeve- 
bearing motors than many manufacturers seem to recog- 
nize. As to the unknown quantity in the proposition, 
reliability and maintenance, the very satisfactory opera- 
tion of over 8,000 ball bearing mounted axle generators 
in car lighting service, which operate under about the 


-mest -severe conditions imaginable, have answered this 


point to the entire satisfaction of the electrical men of 
the railroads. 

With a reliability record of about ten to one compared 
to previous service with sleeve bearings and a main- 
tenance record of attention only once or twice a year, 
the argument would seem to be in favor of the anti-fric- 
tion bearing for electric motors. 


A New Car Lighting Belt Problem 


The introduction of the body hung type axle generator 
has brought with it an entirely new operating condition 
for the axle generator belt to meet, difficult as the 
operating conditions of this service were in the past, due 
to water, snow, ice, dust, sand, flying ballast and exces- 
sive belt tension applied by careless inspectors. The 
change in alignment of the axle pulley in respect to the 
generator shaft on rounding curves now introduces a 
new complication which must be taken into consideration 
in selecting the belt best suited to operate in this service. 
In rounding curves the truck swings so that the axle 
pulley is carried sidewise and slightly away from the 
generator pulley, and at the same time the car axle is 
thrown out of alignment with the generator shaft. 

This difficulty is overcome by putting a very heavy 
crown on the generator pulley and aiso by putting 2 in. 
bevelled flanges on both the axle pulley and the generator 
pulley. These flanges are bevelled at just the proper 
angle so as to give maximum freedom to the belt without 
causing the belt to climb the flange. 

The standard 5 in. car lighting belt, which has operated 
so successfully in this service, where the generators are 
mounted on the car trucks, seems to have some difficulty 
due to the change in alignment on rounding curves. 

It will undoubtedly be found, however, that a narrower 
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belt, of three inches or four inches in width, will largely 
overcome this difficulty. 


The Lumen Defined 


The following definitions of the lumen may be of in- 
terest to those of our readers who are not familiar with 
this unit: 

The lumen is the unit of a light flux and denotes the 
light radiating within one unit solid angle (steradian) 
from a point source of one candle. A unit solid angle 
or steradian is the angular space subtended at the center 
of a sphere by a portion of its surface equa] to its radius 
squared. An entire sphere includes 47 or 12.5664 
steradians and, therefore, a uniform source of one candle- 
power emits 12.7 lumens. The same number (12.57) 
also denotes the number of square feet on the surface of 
a sphere of one foot radius so that remembering the defi- 
nition of ‘‘foot-candle” it is evident that the lumen may 
also be defined as the amount of light required to illumi- 
nate an area of one square foot to an intensity of one 
foot-candle. The latter definition is usually considered 
the more practical of the two. 


Imdex for Volume VII 


In order to adhere to the standard of the other Sim- 
mons-Boardman Company publications it has been de- 
cided to include in volume VII of the Rattway ELEc- 
TRICAL ENGINEER all issues from June, 1915, to Decem- 
ber, 1916, inclusive. In the future, therefore, all volumes 
will include the issues appearing in the calendar year 
instead of the fiscal year. We believe that this arrange- 
ment will prove to be more convenient than having each 
volume close with the May issue, as it will now be pos- 
sible to identify all volumes by years. The index for 
volume VII will, therefore, not appear until December, 
1916. 


Letters to the Editor 
The Lumen Basis for Rating 
Incandescent Lamps 


Wee eer ci SHOPS, SILyIs, ILL: 
LO THE: EpITor: 

Many are following with growing interest the discus- 
sion recently opened in the Railway Electrical Engineer 
on the proposed adoption of the “lumen” as the unit of 
luminous flux for the commercial rating of lamps. 

This is a welcome step for the illuminating engineer, 
for he has been using the term “lumen” for the last sev- 
eral years. The rating of mean horizontal candlepower 
was first multiplied by the reduction factor to obtain 
mean spherical candlepower, and this in turn by 47 to 
obtain the total amount of light in lumens emitted by the 
lamp. With this value of lumens he readily determined 
intensity by applying an efficiency factor and dividing by 
the area in square feet to be lighted. The manufacturer 
has already made the preliminary calculations unneces- 
sary by stating the total lumens in the lamp data. 

It should also be a welcome step to the lamp consumer. 
The old rating really meant nothing to him, except as a 
poor comparison. It is easy, however, to make him see 
that it is total light, not intensity in a zone, about which 
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he should be concerned. This is especially true because 
he is told to buy a reflector to direct the light where 
needed. This idea of total light, not intensity in a direc- 
tion, shows that it would be an absurdity to change only 
to mean spherical candlepower instead of to lumens. 
Referring to the discussion on this subject by Mr. J. 
R. Sloan in the April issue of the Railway Electrical 
Engineer, I think a correction should be made for the 
benefit of the readers who are trying to get an under- 
standing of the new unit “lumens.” Mr. Sloan defines 
the lumen as “the amount of light that will give one 
candlepower on the interior of a sphere of one foot ra- 
dius.’ This definition is rather loose and as will be in- 
terpreted, is incorrect. It requires +7 lumens to give 
an intensity of one foot-candle over the entire inner sur- 
face of a sphere of one foot radius. For the benefit of 
the average reader I think the lumen should be defined 
as the amount of light required to illuminate an area of 
one square foot to an intensity of one foot-candle. A 
point source of one candlepower emits 12.56 + total 
lumens. J. H. Epwarps. 


Comments on the Proper Basis 
for Rating Lamps 

“There seems to me to be no argument against the 
lumen and it should be adopted as a basis for rating 
electric lamps. \Mr. Sharp, Mr. Davis and Mr. Sloan, 
in your issue of April, give good and sufficient reason 
so I will not take further space to reiterate on the sub- 
ject." —C. R. Gilman, chief electrician, Chicago, Milwau- 
kee & St. Paul. 

“It would seem to me that on the subject of illumin- 
ation the ‘piece de resistance’ is light and not power and 
while, for the reasons named above, I have been unable 
to read any arguments to the contrary, the development 
along the lumen lines would appear to be the correct 
one.”—IV. S. Murray, consulting engineer, New York, 
New Haven & Hartford. 

“Our opinion is that the lamp should be rated on the 
lumen basis or on a similar basis that will give the true 
rating of the total light flux of a lamp.”—H. VW. Warren, 
electrical engineer, Delaware, Lackawana & IWestern. 


Correction 


In the second paragraph of the second column of page 
312 of the April issue of the Railway Electrical Engineer, 
J. R. Sloan defines the lumen as the amount of light that 
will give one candlepower at any point on the interior 
of a sphere of one-foot radius. As this definition may 
be misinterpreted, Mr. Sloan wishes it corrected to read, 
“the lumen is defined as the amount of light that will 
illuminate a square foot on the interior of a sphere of 
one-foot radius, to an intensity of one foot candle.” 

The most practical definition of a lumen is the amount 
of light required to illuminate an area of one square foot 
to an intensity of one foot candle, which means that a 
light source of one lumen will illuminate a square foot 
on the interior of any sphere to an intensity of one foot 
candle. 

Mr. Sloan’s object in using a sphere of one-foot radius 
in his definition was to simplify the problem of showing 
the relation between mean spherical candle power and the 
lumen. 


A 1,650-Ton Freight Train Regenerating on a 2 Per Cent Grade at Grace, 


Since December 9, 1915, when the Chicago, Milwau- 
kee & St. Paul’s crack transcontinental “Olympian” was 
taken from Butte, Mont., to Piedmont by an electric 
locomotive the first engine division of the electrified zone 
has been in continuous electrical operation. Both the 
“Olympian” and the “Columbian” have been hauled by 
electric locomotives since the inauguration of electric 
service, but it was not until January that steam freight 
locomotives were entirely removed from the electrified 
division. 

The electrification has, in every way, exceeded the ex- 
pectation of both the railroad officers and the manufac- 
turers of the equipment, and, considering that this instal- 
lation is the first to use 3,000 volts direct current, the 
regularity of operation and the remarkable freedom 
from trouble with the locomotives and the catenary sys- 
tem has been extremely gratifying. It has been found 
that the contract capacity of the locomotive, which was 
2,500 tons on a | per cent. grade with one locomotive 
at a speed of approximately 15 miles an hour can easily 
be exceeded, and as soon as the side tracks on the moun- 
tain division are made long enough to take care of the 
longer trains it will probably be arranged to increase the 
train tonnage to 3,000 tons over the mountains to 3,450 
tons between Deer Lodge and the mountain and to 4,500 
tons between the Bitter Root mountains and Deer 
Lodge, all with one locomotive, except that over the 
short heavier grades a helper will be used. 

The mileage of the electric trains for 24 hours is said 
to be about 200 as against 114 by steam locomotives. 
Twenty-four steam locomotives—Mallets and_ other 
heavy types—have been released with only one-fourth of 
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the electrification in operation, and the work is being 
done faster and cheaper with the nine electric locomo- 
tives. 

The question of hauling capacity of an electric locomo- 
tive is perhaps not thoroughly understood by the steam 
locomotive operator. His chief concern is to keep the 
steam locomotive hot and make steam, while the electric 
designer so proportions the motors that they will keep 
cool with the assigned tonnage. 

The electric motor should not operate at much more 
than 125 degrees Fahrenheit above the surrounding air, 
as higher temperatures will cause an unduly rapid de- 
terioration of the insulation covering the copper con- 
ductors. Hence the somewhat baffling statement can be 
truly made that the electric locomotive will haul a greater 
tonnage in winter or cold weather than it will in sum- 
mer, 1n this respect just the reverse of the performance 
of the steam locomotive. 

Another point in the hauling capacity of the electric 
locomotive is that for short periods of time it will haul 
anything up to the slipping point of its drivers. Nor- 
mally the tractive power of the electric locomotive is ap- 
proximately 16 per cent. of the weight upon the drivers, 
but for short periods it can exert 30 per cent. and for one 
hour it can exert 20 per cent. of this weight. TIllus- 
trating this: A 2,300-ton train on the St. Paul was being - 
taken westbound from Piedmont up the 2 per cent. grade 
with one locomotive at the head end and a helper at the 
rear end. The train broke in two, leaving approximately 
2,000 tons on the head end locomotive. Instead of cut- 
ting off the bad order car it was decided to proceed up 
grade to the next station, and in this case one loco- 


May, 1916 


motive actually hauled 2,000 tons up a 2 per cent. grade 
without a helper. As this machine is rated at only 1,250 


_tons, the performance gives an idea of the tremendous 


overload which such a locomotive can haul for a short 
time. Continued operation at this heavy overload would, 
of course, result in the destruction of the insulation, or 
what is known as “burning out of the motor.” | 
The electric locomotives, and in fact all of the electric 
equipment on the St. Paul, has been given a severe test 
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method of hauling these heavy trains when descending 
long mountain grades. It is a well-known fact that it 
requires the highest class of air brake equipment, and 
great skill in handling, to eliminate the danger of drop- 
ping a heavy freight or passenger train down a long 
sustained grade when hauled by a steam locomotive and 
equipped with the usual automatic air brakes. Even on 
a 2 per cent. down grade it frequently happens that brake 
shoes become red hot and wheel rims becomie greatly 


Fig. 2. 


during the past winter, which, because of the deep snow 
and the severe cold, was one of the worst in the, history 
of Montana. It is reported that the electric operation 
during this period was conspicuous for its complete re- 
fiability and freedom from trouble. It is true that a 
regulator which is used in connection with the motor 
generator on the locomotive to supply low voltage cur- 
rent for lighting and control was not quite up to the 
capacity required, and therefore gave some trouble, and 
also that some other minor troubles were experienced 
with a few of the cam operated switches. None of these 
troubles were serious, however, and it proved to be a 
simple matter to overcome them. One of the surprising 
operating conditions met with was the frosting of the 
electric locomotives when they were taken into a steam 
locomotive roundhouse after operating in a temperature 
of from 20 to 30 degrees below zero. It was found that 
frost and ice would collect on all parts of the electric 
locomotive in a surprisingly short time. This trouble, of 
course, would not be so noticeable and, in fact, would 
probably not occur in a roundhouse which did not house 
steam locomotives. For this reason when the division 
is entirely electrically operated the trouble from frost 
should be eliminated. 


Electric Braking 


A feature of especial interest in electrical operation of 
both passenger and freight trains on the St. Paul is the 
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overheated, as practically all the potential energy stored 
in the train at the top of the mountain grade must be 
dissipated as heat in the brake shoes and wheels during 
the descent. 

The St. Paul is the first to introduce electric braking 
with the direct current electric locomotive, and it has 
proved not only entirely practical under the severe condi- 
tions appearing in regular service, but the great operating 
benefit to be secured has also been demonstrated. When 
the motors are driven mechanically, as when a heavy train 
pushes a locomotive down grade, they act as a brake in 
converting this mechanical power into electricity, a part 
of which becomes available through the trolley system to 
haul other trains up grade. The same latitude in speed 
variation with electric locomotives is provided when brak- 
ing as when operating up grade under power. The normal 
speed of an ascending freight train is 15 miles per hour, 
and for a descending train, 17 miles per hour, but if, for 
any reason, a lower speed becomes necessary, such as 
over a section of bad order track undergoing repairs, 
the speed can be dropped to half the above value. 

The sub-stations in the St. Paul electrification are 
somewhat more than an average of 30 miles apart, and 
should there be no other trains between sub-stations to 
absorb the power given to the trolley by a descending 
train this power passes through the sub-station machin- 
ery, is converted from direct current to alternating cur- 
rent, and is sent into the high potential 100,000-volts 
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distribution system connecting all sub-stations, and be- 
comes available for use over the entire 440 miles of elec- 
trification. As a descending train will not give out 
as much power as it would absorb when ascending the 
same grade, there will always be a demand for power in 
excess of that given out by the descending train, and this 
fact taken in connection with the large industrial load 
connected to the same hydraulic power system makes it 
possible to dump into the transmission system any 


amount of power which the descending train may give 
out. 
Aside from the economies resu!ting from electric brak- 


Fig. 3. Switchboard in Morel Sub-Station. Note the High Voltage 
Barriers Between the Circuit Breakers Above the Board. 


g, which are a possible saving of some 50 per cent of 
the total power demand, the elimination of brake shoe 
and wheel wear and the easier operation on the track, 
particularly when rounding curves, the greatest advan- 
tage resulting from the use of electric brakes lies in the 
elimination ot the difficulty attending the use of air 
brakes in holding back long heavy trains when descend- 
ing mountain grades. The electric braking of the St. 


ing 


Fig. 4. 


The 2,000-kw. Motor Generator Sets at Morel Sub-Station. 


Paul electric locomotive entirely relieves the air brake 
except for the stopping of trains or for emergency use. 
There is, therefore, provided a duplicate braking sys- 
tem, each one capable of holding a train on a down 


BELECT RI CALS Pay Gi iie he 


Vol 7, No.2 


grade and there is thus offered a greater guarantee of 
safety in operation than would be possible with the use 
of the air brake alone. 

It is an impressive and convincing demonstration to 


Fig. 5. Piedmont Sub-Station Showing the Railway Company’s 
100,000 Volt Transmission Line at Each End. The Power Company’s 
100,000 Volt Line Enters from the Rear. 


witness the operation of a /5-car train weighing 3,000 
tons, between Deer Lodge and Harlowtown, a distance 
of 225 miles over the two mountain ranges, without the 
use of air brakes except when trains are required to stop. 
There is an entire absence of the grinding of brakes 
hitherto considered a necessary accompaniment of moun- 
tain railroading and all increased operating benefits are 
furthermore procured. 

Since electric operation has been started on the St. 
Paul, the heavier trains are taken down the 20 mile 2 
per cent grade (the heaviest one on the division) with- 


Fig. 6. One of the 430 H. P., 3,000-Volt, GE-253-A Railway Motors 
Which Are Used on the St. Paul Locomotives. 


out air brakes, more steadily and smoothly than they: 
were on the level and the attention to brake shoes and 
wheels and the stopping for inspection has been done 
away with entirely. 

Electric operation over the entire section to be electri- 
fied will probably not be started until early in 1917, but 
it is expected to use the electric locomotives on the Mis- 
soula division this summer. At the western end of the 
electric zone the six sub-stations and most of the overhead 
construction have been completed. 

It is expected that the balance of the forty-two electric 


locomotives will be delivered by next November. 
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Ten years ago, the idea that approximately 600 volts 
was the maximum potential to be hoped for in the opera- 
tion of d-c. railways was almost as firmly established as 
was the belief in the days of Columbus that the earth was 
flat. 

Then suddenly the plan was suggested of coupling the 
four 600-volt motors ordinarily employed on interurban 
cars in pairs of two in series instead of two in parallel, 
and of connecting the generators in the stations in a sim- 
ilar manner, so as to employ 1,200 instead of 600 volts. 
Since then the use of d-c. voltages of from 1,200 to 1,500 
for the operation of interurban railways has become so 
common that today we are able to discuss details of high- 
voltage d-c. practice. 


Motors 


Limiting ourselves for the time being to voltazes of 
1,200 and 1,500 in discussing the matter, the first element 
to be considered of a high-voltage car or locomotive 
equipment is of course the motor. As far as voltage be- 
tween terminals is concerned, the requirements for mo- 
tors to operate two in series on such voltages differ from 
the well-standardized designs for low-voltage service 
only in the fact that slipping of the wheels to which one 
of the two motors in series is connected may interfere 
with the normal voltage distribution between them and 
concentrate a large part of the total voltage at the ter- 
minals of one machine. Fear of this contingency at first 
led to the design of motors for high-voltage service with 
a much larger number of commutator bars than for cor- 
responding 600-volt service. More extended experience, 
however, showed that such precautions were unnecessary. 

Insulation and creeping distances on motors for high- 
voltage service must of course be made suitable for the 
full potential. The extra insulation required for 1,2CC- 
volt operation is now obtained by the use of better qual- 
ity rather than greater quantity of material, and the extra 
distances by improved shaping and arrangement of parts. 
Generally speaking, therefore, motors are produced today 
for use in series on 1,200 or 1,500 volts with the same 
dimensions and weights as if made for use on only 600 
or 750 volts. 

There have been one or two instances where motors 
have been wound directly for the full line potential. 
Speaking generally, such motors are heavier and depart 
more radically from standard low-voltage designs than 
motors for operating two in series, and moreover, they 
do not lend themselves as well to the operation of the 
cars partly on 600 and partly on 1,200 volts as is so often 
required. In general, therefore, they seem to offer no 
particular advantages and are hence but little employed. 

High-voltage d-c. railway practice, therefore, in the 
matter of motors may be said to consist in the use of two 
machines in series, these being identical in construction 
with standard motors for low-voltage service except in 
the comparatively minor details of quality of insulation 
and length of creeping distances. 


*Abstract of a paper presented at the 320th meeting of the American In- 
stitute of Electrical Engineers, New York, April 14, 1916. 
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Control 

In control apparatus for high-voltage d-c. railway 
equipments, the fundamental requirements are to provide 
sufficient circuit-opening capacity to overcome the 
greater tendency to hang which the high-voltage arcs 
possess, together with the necessary means to confine 
these arcs within proper bounds. Our first 1,200- and 
1,50C-volt car equipments employed 13 pneumatically 
operated switches, where with the same current at 600 
volts eight would have been sufficient. 

As with the motors, however, greater experience led 
to a reduction of these differences in the fundamental 
parts. In the types of equipment most generally em- 
ployed, the additional switches necessary on account of 
the increased voltage have now been cut down to two 
for small equipments or three for large ones. In dimen- 
sions also, it has been possible to work out designs for 
1,200-volt switch groups with the same cross-sectional 
area and the same weight per switch as those for 600 
volts. 


Power Supply 


Direct-current power for high-voltage lines was first 
obtained by the use of two 600-volt generators, either 
engine or motor-driven, connected in series. Since there 
was no particular object in retaining two generators in 
series stich as there was for retaining two motors in se- 
ries on the cars, generators for delivering 1,200 or 1,500 
volts directly were soon produced. At first these were of 
the ordinary commutating pole type. Such machines 
now, however, usually employ a compensating winding 
as well as commutating poles. 

The next step in the production of high-voltage d-c. 
power was the use of two 600-volt, 25-cycle synchronous 
converters connected in series, and while this was con- 
sidered a radical step at the time it was first proposed, 
the performance obtained was so satisfactory that single 
25-cycle converters producing 1,200 or 1,500 volts on one 
commutator have now been developed and are in success- 
ful use. With 60 cycles, the maximum voltage so far 
employed from a single machine is 750 so that two ma- 
chines in series are still required for high voltage lines. 
The performance on this basis, however, is most ex- 
cellent. 

Common substation practice for high voltage d-c. lines 
is now to employ single synchronous converters where 
power at 25-cycles is available, and to use either motor- 
generator sets or two converters in series, where 60- 
cycle power is employed. A particularly efficient sub- 
station arrangement on the latter basis is secured by in- 
stalling three synchronous converters so arranged that 
any two of them may be connected in series. This gives 
a spare machine at a minimum expense. If a single bank 
of three transformers is used for supplying these con- 
verters, a spare transformer as well as a spare converter 
is also secured so that the station is prepared for almost 
any emergency. 

Switching ‘ 
In the matter of switching, the principal changes which 
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have been made in handling current at 1,200 or 1,500 
volts instead of at 600 volts have been for the purpose 
of insuring safety to the operators rather than for any 
other reasons. For this purpose, switchboard panels have 
been made higher than for 600-volt service and the cir- 
cuit breakers located on them so as to be out of direct 
reach. For opening and closing the breakers, long 
wooden rods leading to insulated handles on the lower 
part of the panel, are provided. Where two or more 
breakers are located side by side, large barriers are placed 
between them to prevent any tendency to flash across. 
Knife switches have also been located out of reach in a 
manner similar to the circuit breakers and arranged with 
rods for distant control. 


Economic Significance 


In studying the development of 1,200 and 1,500-volt 
practice, the fundamental point which appeals to me is 
the ease, success and speed with which so radical a de- 
parture from previous practice has been carried out. In 
most developments of so far-reaching a nattire, many 
sources of difficulty are usually overlooked at first and 
must be cared for in later apparatus at increased expense. 
In the high-voltage d-c. railway system, however, just 
the opposite has apparently happened. Many of the pos- 
sible difficulties seem to have been over-estimated in 1m- 
portance and much of the trouble anticipated has failed 
to appear. It has therefore been possible to gradually 
simplify and cheapen the various fundamental parts 
which go to make up the system instead of having to 
follow the opposite and more usual procedure. 


Ultimate Limits of D-C. Voltage 


The general limits upon which standard practice in 
any industry ordinarily settles are usually fixed by broad 
economic considerations rather than by physical limita- 
tions. It is entirely possible for instance to operate trains 
at maximum speeds of 90 miles per hour or more, yet the 
maximum ordinarily attained is from 60 to 80 miles per 
hour. Physically speaking, also, interurban cars can be 
run at speeds similar to these, yet the general average 
on such roads is from 50 to 60 miles per hour. These 
values have been established by gradual increases from 
lower ones until without any conscious effort, standard- 
ization has been automatically secured. 

In the voltages which may be employed with the 4-c. 
railway system, there is some tendency toward this same 
procedure. If no efforts were made to the contrary, it 
is not improbabie that starting from the voltage of 3,000, 
which we have today on the Chicago, Milwaukee & St. 
Paul, we would next hear of the employment of 3,600 
volts, then possibly 4,200 volts and so on up in corre- 
sponding steps. Sooner or later, however, a point would 
be reached where, by common consent, these increases 
would stop just as this has happened in the matter of 
speeds. 

While in a way, such a procedure would be the con- 
servative and natural way for progress to come about in 
the use of higher d-c. voltages, its disadvantages are too 
obvious to require mention. The apparently more radical 
plan of trying to select in advance the voltage at which 
such increases would naturally stop and of going at once 
to this voltage would hence seem to be the more rational 
and really the more conservative as far as the general 
good of the industry is concerned. It has been with this 
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idea in view that our efforts toward the use of direct 
current at 5,000 volts are being put forth. With practical 
apparatus for this voltage available, the problems of dis- 
tributing and collecting the necessary power for the 
largest locomotives likely to be required can be readily 
solved so that although further increases might be pos- 
sible they should be entirely unnecessary. 


Operation of 5,000-Volt Equipment* 


The general construction of the 5-000-volt experimental 
equipment on the Grass Lake line of the Michigan 
United Traction Co. and the results of its first few 
months’ operation have been so widely covered by the 
technical press that it is unnecessary to refer further to 
them except to say that the equipment is still in operation 
on the same successful basis, and that at the time this is 
written, it has run a little over 30,000 miles. During the 
five months from October 1 to March 1, the car averaged 
5,295 miles per month on a schedule which allows only 
15 miles per hour, and its record would have been even 
greater than this had it not been for numerous mechanical 
difficulties with the trucks, wheels, brake rigging, stove, 
pilots and other mechanical parts of the car for which’ the 
equipment was in no way responsible. During the four 
months of November, December, January and February, 
which, on account of weather conditions, are ordinarily 
considered the worst in the year, the car ran 23,320 miles 
or an average of 5,830 per month. 

During this period the car operated through severe 
snow, sleet and rain storms and for a short period even 
ran with two of the commutator covers missing, these 
having been lost on the road. The motors and control 
were purposely allowed to go with a minimum of cleaning 
and other care, and various reports sent in by the men 
in charge refer to the presence of wheel wash, dirt and 
other obnoxious substances in the motors and switch 
groups, although no damage was caused by them. 

While as yet only the one equipment now in experi- 
mental operation has been built, various designs of other 
sizes have been considered and with the special double 
armature type of motor and double jaw type of switch 
which have made this equipment possible, unusual flexi- 
bility in meeting a wide range of conditions can appar- 
ently be obtained. 

In most of the considerations of the use of d-c. voltages 
of 2,400 and 3,000, there has always been a certain mini- 
mum size of motor which could be economically produced 
and this size has been undesirably large for certain 
classes of service. With the special double armature 
type of motor for 5,000-volt equipments, however, the 
experimental equipment already in use is about as sma!! 
as would ordinarily be required, although even this is 
apparently not the minimum limit. On the other hand, 
the design seems equally adaptable to large sizes. 


Conclusion 

Broadly viewing the high-voltage d-c. practice which 
we find today, and its significance to the industry, there 
are four ideas which appeal particularly to me. The per- 
nicious flexibility of the 1,200 and 1,500-volt systems and 
the innumerable alternatives which they present for appli- 
cation to any definite case in interurban work seem to 
give timely warning of the great desirability of early 


*This installation was completely described in the November, 1915, issue 
of the Railway Electrical Engineer. 
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standardization in the matter of higher d-c. voltages. The 
comparative ease with which apparatus for these voltages 
_ has been developed gives a most encouraging feeling for 
further development along the same lines. The possi- 
bilities which a d-c. system at 5,000 volts would offer 
were the apparatus commercially available make this volt- 
age seem a logical one, and the results obtained with the 
experimental equipment now in operation give great hope 
that this voltage may some day be established commer- 
cially as a standard of high-voltage d-c. railway practice. 


Discussion 


Owing to the unavoidable absence of the author, 
the paper was read by N. W. Storer, general engineer, 
Westinghouse Electric & Mfg. Company. Mr. Storer 
also presented lantern slides illustrating the 5,000-volt 
equipment which had been described. 

William J. Davis, Jr., general manager of elec- 
trification of the Southern Pacific, stated as regards 
the tendency to higher voltages, that it would appear 
that the proper voltage would depend on certain lim- 
itations as to the maximum tonnage to be hauled and 
limitations as to speed. The tonnage of a system 1s 
dependent upon the number of tracks that are in servy- 
icé and in a single track road, in order to handle 
heavy tonnage, it 1s necessary to adopt higher voltages 
than would be required for a road having sufficient 
traffic to require two, or three, or possibly four tracks. 
In the case of a four-track road, all the tracks being 
in multiple, the drop in voltage in the track is greatly 
reduced. The advantage of having the proper con- 
ductor or the third rail for all four tracks in multiple 
is also obtained, and even when very large powers 
are required, say 3,000, 4,000 or 5,000 horse-power on 
a four-track road, it will be found, insofar as the 
distribution system is concerned, that modern voltage, 
say 1,200 or 1,500, would give as good results as could 
be obtained at 3,000 volts or more, in the case of a 
single track or double track road. 

Mr. Davis also pointed out that with a single track 
freight road it will be found that upon the basis of 
the weight of trains now in use, very little improve- 
ment in power factor is procured if the sub-stations 
are placed more than 30 or 35 miles apart. He said 
the whole problem narrows down to the question as 
to the number of locomotives required on a given divi- 
sion and their cost. Asa general rule the locomotives 
or rolling stock of a single track road will cost about 
one-third of the total cost of the electrification. If, 
therefore, there is a material increase in the cost of a 
5,000-volt locomotive as compared with one of 3,000 
volts, this increase in cost may prove the determin- 
ing factor. In the case of a double-track road in 
which the locomotives would be greatly increased in 
number, this difference would be still more sharp and 
would point to a limitation of voltage possibly less 
than 5,000 volts as applying to most of the heavy 
freight trafic now obtaining. 

William E. Potter, chief engineer, railway and trac- 
tion department, General Electric Company, thought 
the text of the ultimatum (meaning voltage) was 
very well covered in Mr. Renshaw’s statement that 
“the general limits upon which standard practice in 
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any industry are ordinarily settled are usually fixed 
by broad, economic consideration rather than by phys- 
ical limitation.” Mr. Potter went on to say that there 
are several problems that enter into the determination 
of any economic result. He pointed out that in any 
electrification, there are certain features which may 
be considered generally as part of the general scheme. 
Under direct current operation the initial cost of 
maintenance and depreciation on some of these feat- 
ures are but little affected by the operating voltage 
but other features are so material that they have 10 
be a determining influence in the selection of the 
voltage most favorable to economic results in the ulti- 
mate recognition of general standards. The power- 
house transmission lines and track bonding are, he 
claimed, so little affected by the choice of voltage 
that these features are not a factor in the economic 
determination of the particular voltage to be used. 
The sub-station equipment used in all the established 
types of apparatus have generally a somewhat higher 
cost at the higher voltage for a given kilowatt. How- 
ever, at the higher voltage the stations would be 
placed further apart and some gain is made in that 
direction, although not in a direct ratio with a higher 
voltage. As the amount of included traffic between 
the sub-stations becomes greater, the individual sta- 
tion has to be of larger capacity. 

Mr. Porter also pointed out that the two features 
which are materially influenced by the voltage are 
the cost of the feeder copper and the rolling stock. In 
the determination of the voltage for the Chicago, Mil- 
waukee & St. Paul, very careful study was made of 
3,000 and 5,000 volts. There was practically no differ- 
ence in the initial cost as a whole, but there was a 
difference in the division of the cost. If the copper 
was less and the rolling stock was more, the sub- 
stations would be slightly decreased in the total cost. 

It may be of interest to give the percentage cost 
values that applied to the different elements  enter- 
ing into the St. Paul electrification as given by Mr. 
Potter. The high tension transmission line, which 
extends the entire length of the electrification, was 
about 10 per cent of the total cost; the overhead con- 
struction, the feeder, copper and the trolley, 28 per 
cent; the bonding of the track about 4 per cent; the 
sub-stations about 18 per ‘cent, and the locomotives, 
20 per cent. The overhead construction and the feeder 
copper, together with the sub-stations, represent 46 
per cent and leaving out the overhead work, which 
would be essential at any particular voltage, the cost 
of copper is something less than 40 per cent and the 
cost of the locomotives also about 40 per cent. Con- 
sidering the depreciation and maintenance it is better 
that an equivalent expenditure should be in copper 
rather than in locomotives and rolling stock, which 
require maintenance and up-keep. He felt that to 
economize in copper and to spend that same money 
for rolling stock is working on the wrong side of the 
balance sheet. 

Another important point brought out in Mr. Pot- 
ter’s discussion was that he judged from experience 
to date that the trolley on the Milwaukee lines will 
last anywhere between 20 and 50 years and that it is 
good for a number of million passages. He said, “The 
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problem of collecting current, so far as 3,000 volts 
being a limitation is concerned, seems to be effectually 
disposed of.” 

Calvert Townley, assistant to the president, West- 
inghouse Electric & Manufacturing Company, stated 
that it would be better to put a little more in copper, 
which was staple and had a lower depreciation, than 
to put it into the equipment, which had a higher rate 
of depreciation. We should bear in mind, however, 
that an increase in the voltage which can be used for 
transmission is a fundamental and a permanent ad- 
vance and the resulting saving in copper will always 
be; there: 

Benjamin F. Wood, vice-president and chief engi- 
neer of the United Gas & Electric Engineering Cor- 
poration, of New York, thought that the electrical 
engineer is getting himself into some difficulty with 
the railroad people when he talks about costs and the 
little refinement in connection with the efficiency of 
the operation. He showed that when the total fuel 
cost on a trunk line is only 5 or 6 per cent of the oper- 
ating expense and it is necessary to sell electric power 
to a steam railroad at approximately the cost of fuel, 
when operation of electric service is started, it is evi- 
dent that a saving of 5 or 10 per cent of this fuel 
percentage is of trifling importance when compared 
with the dependability of operation. The railroad 
man wants something he can be sure is going to oper- 
ate continuously and reliably and that is the thing to 
which all efforts toward standardization should be 
directed. 

Albert Horace Armstrong, assistant engineer, rail- 
way and traction department, General Electric Com- 
pany, called attention to a statement made by the 
author, who when referring to 2,400 volts, said that 
“from a general standpoint, however, while the re- 
sults have been welcome as a contribution to the de- 
velopment of the art, suitable applications for this 
particular voltage are apparently somewhat lacking” 
and also that “for heavy traction on the other hand 
this voltage is much too low to solve the problem in 
a sufficiently comprehensive way to attract the in- 
vestment of capital in electrification. Even 3,000 
volts, while overcoming the latter disadvantage to 
some extent, does not do so completely.” Mr. Arm- 
strong felt that those statements rather discredited 
all the installations now operating at more than 1,500 
volts and that it fell flat as an argument considering 
that one electrification at 3,000 volts is equal in mile- 
age to all the electrifications thus far attempted in 
the United. States: 

Referring to the St. Paul electrification, Mr. Arm- 
strong pointed out that in the 440 miles there are 14 
sub-stations; that these sub-stations aggregate 59,500 
rated full load capacity; that the average load on the 
entire system would probably not greatly exceed 
16,000 or 17,000 kilowatts, and that the low factor, 
then, would be less than 30 per cent on the installed 
capacity, and everyone of the sub-stations has a re- 
serve machine that is not called into service in the 
normal operation of the road. He also showed that 
with a higher voltage the sub-stations can be either 
spaced further apart and the amount of copper which 
would be used with the lower voltage retained, or less 
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copper can be put in the road and all sub-stations 
placed near together, or it is possible to compromise 
and get some of the benefits in each direction. 

He showed that on the St. Paul the average feeder 
copper throughout the whole 440 miles, except on two 
of the sharper grades, is only 500,000 circular mills 
and that this copper will give an average drop of less 
than 10 per cent with the normal operation. He re- 
marked that the drop may reach 20 per cent but, with 
the average tonnage going over the road, he said he 
would be greatly surprised 1f the average drop at the 
end of the year is over 10 per cent. He pointed out 
that instead of reducing the capacity of sub-stations 
it is possible to increase their aggregate capacity with 
a greater spacing, especially in view of the greater 
cost of the sub-stations, due to the higher voltage of 
the apparatus installed, and that it is quite possible 
the total cost of installation will be greater due to 
the increase in capacity demanded. 

In summing up, Mr. Armstrong said that, relying 
mostly on Mr. Potter’s arguments advancing the 3,000 
volts, he could not accept the statement of Mr. Ren- 
shaw’s that 5,000 volts is the approximately proper 
voltage to standardize for the steam railway electrifi- 
cation, especially in view of the fact that only one 
motive power equipment is now operating at this 
voltage. He added that while the advance to the 
higher standards has been apparently, to the world at 
large, a simple matter, he could see that the success 
attending its use had, in fact, been brought about by 
the many years of work of some eminent and capable 
engineers. Mr. Armstrong also pointed out that the 
paper, itself, did not throw any light on the economic 
advantage of adopting 5,000 volts nor does it go into 
the results sufficiently to lead to any conclusion that 
5,000 volts is preferable to 6,000 or 7,500 or 10,000, 

In closing the discussion N. W. Storer said he ag- 
reed perfectly with Mr. Potter in regard to the econ- 
omy of the installation and that he had always 
claimed that it was simply a matter of dollars and 
cents which is going to ultimately decide the system 
of electrification that can be used, with the under- 
standing that such a system must give good reliable 
service in every case and must operate with a reason- 
able degree of maintenance cost. He did not think that 
a system which had an enormous cost of maintenance 
could operate with the greatest reliability. Referring 
to Mr. Renshaw’s purpose in writing the paper, Mr. 
Storer said that he did not believe that Mr. Renshaw 
had any intention, whatever, of starting out to show 
that 5,000 volts is a standard voltage which can at 
once be applied to everything, but simply wished to 
make it a point to aim at and he said it certainly 
seemed more logical than to proceed by the small steps 
which have been made. He pointed out that manu- 
facturers are now required to design apparatus to 
meet many different systems, really to perform the 
same work, and in this way the cost of development 
and manufacture runs up to an enormous. figure 
which must be borne by the operating companies, else 
it could not be done. He said, “I simply feel, and I 
know that it was Mr. Renshaw’s thought, that we 
should aim at something which is high enough to do 
the work.” 
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By C. R. Hlapp* 


The Buffalo, Rochester & Pittsburgh Railway Company 
recently installed a new coach’ charging system in its 
yards at East Salamanca, N. Y., the division point be- 
tween the Buffalo and middle divisions. As the Rochester 
division through trains lay over at this point, it makes a 
very convenient location for charging their coach light- 
ing batteries. 

A view of the passenger station at East Salamanca is 


Figs ic 
Pittsburgh at East Salamanca, N. Y. Showing the Neat Appearance 
of the Charging Outlets. 


View of the Passenger Staticn cf the Buffalo, Rocheste: & 


shown in Fig. 1. This installation shows the neat ap- 
pearance and substantial character of the charging outlet, 
and it will be noted that the artistic design of the foun- 
dations harmonizes with the lamp-post and other sur- 
roundings. 

There are two yard charging circuits with two outlets 
on a circuit, each circuit is controlled with a 60-ampere 
double pole fusible switch and the voltage on each circuit 
is controlled by a rheostat as shown in Fig. 2. The am- 
meter is connected so that it reads the total current taken 
by all charging outlets. 

- The outlets, four in number, are spaced 82 ft. apart, 
as shown in Fig. 1 and are the Crouse-Hinds Company's 


type UGEL galvanized Condulets, furnished with base_ 


plates, mounted on special concrete foundations made by 
- the railway company’s forces. 

The design of these foundations, Fig. 5, shows one 2-in. 
galvanized conduit and two 1%-in. galvanized conduits, 
lettered “A,” “B” and “C,” entering from three respec- 
tive sides of the foundation. If a foundation is wanted 
for a straight run it is made with conduits “B” and “C,” 
or if wanted at the end of a run and the supplying line is 
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to be laid at right angles to the run, it is made with con- 
ditsouy edna eas "or AY ands Gy as thexcase may be, 
thus:making one design answer all purposes. 

The foundations, which are 12 in. square at the top, 20 
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Fig. 2. Wiring Diagram of the Switchboard and the Yard Circuits. 


in. square at the bottom and 3% ft. in height, are placed 
2 ft. in the ground, leaving the Condulet opening 134 ft. 
above the ground for snow clearance. They have a re- 
cess 4 in. deep by 634 in. by 67g in. moulded in the top 
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Fig. 3. Details of Crouse-Hinds Company’s Type UGEL Galvan- 
ized Condulet, Showing Method of Mounting on the Top of the 
Concrete Foundation Shown in Fig. 3. 


for use as a junction box. All wire connections and 
splices were made in these recesses, which are water 
tight after the condulets are applied. 

No. 6 B&S gage duplex stranded lead encased cable 
was used, run in conduit placed 1 ft. below the surface 
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of the ground and imbedded in clay to a diameter of 12 
in. to protect it from the corroding effect of cinders, coal 
wash, etc. 

For the portable leads No. 6 B&S gage duplex deck 
cable was used, protected by 1 in. garden hose, using the 
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Fig. 4. 
Volts Charging Plug, Catalogue No. BPFA-100 for the Receptacle 


Detail of the Crouse-Hinds Company 100-Ampere, 125- 


on the Foundation. 
Receptacle. 


The BPA-100 Plug Is Used for the Coach 


Crouse-Hinds Company’s BPFA100 galvanized plugs for 
the receptacle on the foundations and their BPA100 plug 
for the coach receptacle. Leads constructed in this way 
are waterproof and durable. 

The controlling apparatus consists of one ammeter, 
two rheostats, four double pole single-throw knife 
switches and necessary fuses placed in the car inspector’s 
building, .a distance of 124 ft. from the first outlet, while 
the 110-volt direct current supply, protected by 60 ampere 
fuses is obtained from the railway company’s power 
house, located a short distance away. 

The installation was made by company forces under 
the direction of the signal engineer. It makes a neat 
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and convenient arrangement in keeping with the imme- 
diate surroundings, and is characteristic of the high 
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Receptacles. 


standard of the engineering work of the Buffalo, Roches- 
ter & Pittsburg. 


Commutators Commutation’ 
By Gorcdom Fox 


A commutator must be round and exactly centered. A 
bent shaft or looseness in the bearings may permit the 
commutator to run out of true. The larger units gener- 
ally have their commutators turned with the armature 
mounted on a temporary test shaft. When the perma- 
nent engine shaft is later inserted a slight eccentricity is 
likely to result. Commutators may become oval or 
eccentric through excessive heating or may set untrue as 
they season out. In manufacture they are baked in an 
oven and later run for a short period. In use they are 
subjected to both heating and running simultaneously 
with the result that while new they may take up at any 
yielding points. Such commutators may require truing 
up once or twice before they reach their final condition. 
Commutators may be baked to expedite their setting or 
after repairs are made requiring removal of a segment 
or more. If heated up sufficiently the shellac binder in 
the mica-bond softens and flows slightly, making a solid 
mechanical unit. The necessary heat would injure the 
insulation if armature and commutator were both in- 
serted in an oven. Large commutators may be easily 
heated in the assembled machine. This is done by shift- 
ing the brushes considerably off neutral, short-circuiting 
the armature across an ammeter and exciting the fields 
only enough to generate approximate full-load current 
through the armature circuit. Some sparking may occur 
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at the brushes which, taken together with the heavy short 
circuit currents in the brushes off neutral, will suffice to 
heat the commutator thoroughly. When the commutator 
is properly heated it should be tightened. When it has 
cooled the bolts should again be turned to take up the 
cooling contraction. A commutator thus treated and 
then turned is quite certain to retain its set. 


Turning Commutators 


All commutators wear or roughen sufficiently in time 
so that they require truing. Small armatures can be 
handled better in a lathe after removal from the machine. 
The commutators of large generators or motors can be 
quite easily turned in place without dismantling the ma- 
chine. Some rig must first be devised to take up the play 
in the armature shaft. Then the armature is turned over 
at low speed by throttling the engine or by driving from 
a belted motor. Large motors can be trued while revolv- 
ing under their own power, low voltage being impressed 
on the armature through a rheostat. This practice is not 
advisable where other means are possible. The best sur- 
face speed for turning is about 500 ft. per minute. After 
turning, the commutator should be filed sparingly with a 
large mill file to remove the tool marks, care being taken 
not to untrue the surface. Final smoothing may be done 
with sandpaper on a block. A fine sandstone is prefer- 
able, as it abrades the entire surface uniformly, whereas 
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sandpaper gives slightly and rides over the mica. Emery 
cloth should never be used, as carbon particles enter the 
mica and weaken its insulating strength. 

There are many designs of truing devices upon the 
market. They comprise essentially some form of tool 
support fitted with hand wheel and screw for feeding the 
tool. They are usually bolted either to the brushholder 
ring or the bearing pedestal, the former type being usu- 
ally more rigid. A commutator trued at low speed may 
sometimes be out when revolving at high speed. For 
such cases a sandstone block may be substituted for the 
tool and fed across the commutator under pressure while 
the machine is “up to speed.” Equipments are to be had 
for grinding commutators with a wheel which is moved 
along much the same way as a turning tool. 

When truing the commutator of a large machine hav- 
ing open risers it is well to place a cardboard shield in 
front of the risers and windings to prevent turnings from 
lodging internally. If the work is done in the machine 
the brushes should be raised before truing and_ they 
should be freed from copper dust before lowering. After 
truing the commutator a careful inspection of the mica 
segments is necessary to detect and remove particles of 
copper dragged across from one bar to the next. It is 
well to administer a coat of insulating varnish on the 
end of the commutator next to the bearing as a preventa- 
tive against oil troubles. Undercutting is performed after 
the armature is trued. No matter how carefully a com- 
mutator is finished it is comparatively raw until it is 
worked into condition. It is best to run the machine 
without load for a time, giving the brushes a little extra 
pressure perhaps, in order that the surface may take on 
a little polish or glaze before being subjected to the 
ravages of load conditions. After the machine has been 
in service a few hours it is well to lift the brushes and 
scrape off any particles of copper they have accumulated. 
Copper: particles in the brushes are very likely to start 
trouble and are commonly found after newly dressing the 
commutator surface. 


Action of Oil 


Occasionally a commutator gives trouble through 
“pitting” or eating away of the mica segments. This 
trouble has been traced to the action of oil. Oil tends to 
dissolve out the binding material bonding the mica par- 
ticles together. Small particles of carbon and copper 
then become embedded in the mica segments. These 
lower the resistance between segments, causing leakage 
and ring fire. The leakage occurs during the period that 
the voltage between bars is comparatively high while the 
coil is in a strong field. Ring fire often causes local 
burning of the mica and pitting results. The remedies 
for mica pitting are: sparing use of oil in operation, use 
of mica segments having insoluble binder for repairs and 
cleaning out local faults as soon as detected by thoroughly 
scraping out the damaged part of the segment and filling 
the space with a paste composed of plaster of paris, mica 
powder and shellac baked into place. 


Brushes and Brush Troubles 


The primary function of brushes is to collect or deliver 
current. Incidentally they are required to short circuit 
portions of the commutator, bridging two or more seg- 
ments. They must limit the currents flowing as a result 
of this short-circuited condition. Also they must properly 
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abrade the commutator and furnish lubrication. 
machines one function is more important, in 
second requirement prevails, so that various 
brushes are best suited to differing purposes. 


In some 
another a 
grades of 


Brush Material 


The base material almost universally used for brushes 
is carbon. The reason is to be found in the comparatively 
high contact resistance between carbon and copper. The 
resistance of an armature coil, particularly in the large 
capacity machine, is necessarily very low. Due to condi- 
tions already mentioned, a coil is likely to have generated 
within it a pressure of two or three volts at the instant 
it is short-circuited by the brush. If this brush were of 
copper, for instance, the resistance of the local circuit 
would be so low that a short circuit current would flow 
which might be greater than the work current of the 
machine, and commutation would be correspondingly 
poor. If carbon brushes are used the resistance of the 
circuit from bar to brush and back to adjoining bar will 
be greatly increased, perhaps twenty times. The short 
circuit current will be correspondingly lowered and com- 
mutation improved. There are two peculiarities about 
carbon brushes. First, the contact drop is relatively much 
greater than the internal resistance brush drop. Second, 
the contact drop does not vary directly with the current. 
It does depend somewhat upon the kind of brush, the 
condition of the commutator surface, the brush pressure 
and like mechanical factors. The contact drop between 
brush and commutator 1s usually about 1 to. 1.25 volts. 
Doubling the current may increase this value to 1.4 volts 
or thereabouts. Beyond this it will increase compara- 
tively little. Conversely, 2.8 volts (twice 1.4) will send 
through the local brush circuit twice the short circuit 
current that 2.5 volts will cause. Consequently, if local 
currents are to be limited to low values the voltages in 
the short-circuited coils must be maintained within the 
limits of normal brush contact drop. In practice it 1s 
found that the voltage across the short-circuited brush 
zone should not exceed 2 to 2.5 volts. The safe voltage 
can be controlled somewhat by varying the qualities of 
the brushes, since some brushes have higher resistances 
than do others. The fact that the work current also 
traverses the brushes and contacts limits the advisable 
drop. In general, high resistance brushes decrease short 
circuit currents and tend to improve commutation, al- 
though increasing the losses and possibly cause overheat- 
ing. They are, of course, not helpful where the cause of 
sparking is not prim>ri'y electrical. 


Width of Brushes 


The allowable width of brushes is determined by the 
width of the commutating field. If there is a broad 
neutral zone in which the voltage between segments is 
low, then the width of the brushes may be greater than in 
a machine having a narrow neutral zone with areas of 
considerable voltage immediately adjacent. Not infre- 
quently machines are equipped with brushes which are a 
little too wide. They then span too great a commutating 
zone and the shirt circuit currents become excessive, 
sparking resulting. This sparking will usually result in 
a burning action. The actual work current per brush is 
generally so low that it will not cause burning. Conse- 
quently, burning may often be taken as an indication of 
excessive short circuit currents. Such brushes show a 
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dull black area under one edge of the brush, which ob- 
viously is burned while the remainder of the brush face 
is polished. If the short circuit currents cannot be re- 
duced by shifting the brushes, adjusting the interpole or 
other means, it is sometimes helpful to bevel off the edge 
of the brush as far as the burned area extends. 


Current Density in Brushes 


Since the work current of a machine travels through 
the brushes sufficient area must be provided to conduct 
the load without undue loss or heating. In practice a 
current density of 40 amperes per square inch of area has 
been found a conservative value. In reality there are two 
currents to be considered, the load current and the short 
circuit currents. The latter may equal or exceed the for- 
mer. Consequently interpole machines and other designs 
providing good commutating conditions can be equipped 
with brushes working at higher densities than machines 
involving comparatively large short circuit currents. 


Brushes in Parallel 


It is difficult to secure equal division of current be- 
tween brushes and brush arms working in parallel. This 
may be due initially to a number of causes. Electrical 
conditions, air gap variations and unequal brush pres- 
sures are typical causes. When a difference once occurs 
it tends to accentuate itself because carbon has a negative 
co-efficient of resistance. If one brush takes more than 
its share of current for a short period that brush heats, 
lowers its resistance and tends to assume more current. 
The brush may become so hot that it glows. The surface 
then burns slightly and the contact resistance increases so 
that the load through the brush drops off. Where there 
are many brushes in parallel involving a large total cur- 
rent it is evident that one brush may easily assume an 
excessive current without materially decreasing the 
amounts carried by the other brushes. Where there are 
but few brushes in parallel the division is likely to be more 
uniform. 


Brush Spacing 


The symmetrical spacing of brushes is important. 
Upon machines that have wide neutral zones a little varia- 
tion in spacing is less harmful than upon more sensitive 
designs. Also, a slight shift off neutral position will 
cause more serious results if the brushes are unequally 
spaced, since such a shift emphasizes the voltage un- 
balancing. Correct spacing can be most easily secured by 
the following method. Cut a strip of tough paper about 
an inch wide and of length a little greater than the cir- 
cumference of the commutator. Place it around the com- 
mutator under the brushes, allowing the ends to overlap. 
Cut both layers simultaneously along a mica segment. 
This makes the strip exactly equal to the circumference 
of the commutator. Removing the strip, divide it off into 
as many sections as there are brush studs. Reinsert the 
strip under the brushes and set the edges of the brushes 
to toe the marks on the strip. This method is more 
accurate than counting segments between studs and at- 
tempting to thus equalize the distances. It is also easier. 


Brush Position 


The brushes, after being properly spaced, must be 
shifted to position. The procedure is slightly different, 
depending whether or not an interpole is present. With 
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shunt and compound wound machines of the simpler type 
the neutral shifts. The shifting is with the rotation in 
the case of a generator, against the rotation in the case 
of a motor. Generator brushes should be set as far with 
the rotation as will afford black commutation at no load. 
Motor brushes are set as far against the rotation as will 
permit black commutation at no load. Shifting the 
brushes of a motor against the rotation increases the 
motor speed, consequently some adjustment can be ob- 
tained in this way. Commutation should be considered 
first, always. 

Interpole machines, if properly designed and adjusted, 
retain a fixed neutral under all ordinary loads. The best 
way to locate the brushes of an interpole motor is to run 
the machine first in one direction, then in the other, 
changing the brush position until the speed is the same 
for both directions. If the motor. be of the adjustable 
speed type, this adjustment should first be made with full 
field to secure approximate position, then checked with 
weak field to secure greater accuracy. If the interpoles 
are of proper strength they will retain the neutral fixed 
under load, if too weak the neutral will shift as in a shunt 
machine. If too strong the shift will be of opposite effect. 
The interpoles of a motor may be adjusted by running 
the motor first at no load and then at full load with 
brushes at reversible point. If the motor slows down 
with increase of load, the interpole is none too’ strong, 
perhaps insufficient. If the motor speeds up and races 
under load the interpoles are too strong and must be 
shunted with German silver or- other resistance wire. 
Correct interpole strength provides nearly the same speed 
at full load as at no load. 


Correct Interpole Strength 


To determine the correct interpole strength for a gen- 
erator is slightly different. Here the neutral zone can be 
located by means of a low reading voltmeter to which 
are attached a pair of leads with their tips arranged to 
span two adjacent segments of the commutator. At the 
neutral point the voltmeter reads zero, on one side of the 
neutral it has a positive reading, on the other side a nega- 
tive reading. The brushes can be set at no load over the 
neutral thus found. If this neutral remains fixed when 
load is applied the interpoles are correct. If the shift is 
with the rotation the interpoles are not overstrong. If 
the shift is against the rotation a shunt must be provided 
to lessen the elect, 

Picking Up Copper 

Experience has shown that current passing from brush 
to commutator and vice versa exercises an action some- 
times termed “electrolytic,” although not truly so. It is 
more nearly the action of an arc. Miénute particles are 
burned away from one contact surface and deposited upon 
the other surface. The particles are carried in the same 
direction that the current flows. This action may have 
very detrimental effects upon commutation. Particles of 
copper may burn away from the commutator and be de- 
posited upon the brushes, usually accumulating in spots. 
The contact resistance of these spots is lowered, allowing 
greater short circuit currents to flow. Also, the resistance 
being lowered at the particles, the affected brushes 
assume an undue share of the load, leading to glowing 
and burning. “Picking up copper,” as this action is com- 
monly termed, is not necessarily confined to the brushes 
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of one polarity, since the short circuit currents both enter 
and leave each brush. -The trouble is more likely to 
occur under the brushes receiving the load current. The 
positive brushes of a generator and the negative brushes 
of a motor usually show the greater tendency to pick up 
copper. In staggering brushes to secure equal wear, if 
alternate studs be similarly located all the brushes of each 
polarity will be in the same line. The commutator is then 
likely to wear in ridges. If the brush arms be staggered 
in pairs this condition will be corrected. 

Picking up copper leads to high mica. The copper 
is burned away, but the mica is not so affected. The mica 
must be abraded at the same rate that the copper is burned 
if good contact is to be maintained. High mica is often 
attributed to unequal wear of copper and mica. This 
viewpoint is strengthened by the fact that with thick mica 
the action is most serious. Also, in commutators having 
many bars, hence relatively more mica, the trouble is pre- 
valent. In both these cases it is the higher percentage of 
mica which causes its slower wear, allowing the copper 
to be burned away more rapidly than the mica is worn. 
It is physically imposstble to wear the copper away below 
the mica. High mica may sometimes be remedied by 
eliminating the conditions causing burning and eating 
away of the copper. The use of more abrasive brushes 
may eliminate trouble by keeping the mica worn down. 
Undercutting, already mentioned, is the most frequently 
applied, remedy. This procedure may require or make 
desirable the use of a different brush than is used upon 
a smooth commutator.:. Except where the brushes cover 
several bars, slotted commutators are likely to produce 
chattering of the brushes unless frequently lubricated. 
Therefore, with undercut commutators self-lubricating 
brushes are recommended. These brushes are composed 
largely of graphite and are of lower resistance than ordi- 
nary brushes. The lower contact resistance may tend to 
increase short circuit currents. 


Angular Position of Brushes 


The angular position of brushes is important, as it 
affects their contact. Brushes for reversible motors 
should be radial, others should make an angle of about 
fifteen degrees, with the outer end of the brush in ad- 
vance of the face. The brushes should be in front of the 
stud. This arrangement causes the brushes to be forced 
down onto the commutator rather than lifted away. 


Brush Fit in Holders 


Brushes should fit snugly in box type holders in order 
that they may not rock and chatter. They should be free 
enough, however, to slide easily under the spring tension 
applied. The copper plating of brushes should be scraped 
off the end next the commutator for a distance of about 
one-quarter inch, otherwise the current will be localized at 
the edges and carried by the plating. 


Brush Fit on Commutator 


The face of the brushes should fit the curvature of the 
commutator very accurately. They should be sanded in 
place by drawing strips of fine sandpaper under them, 
holding the paper close to the commutator to insure the 
proper shaping. If the brushes are in box type holders, 
where they have a chance to rock they should be sanded 
by drawing the paper in one direction only, the direction 
of rotation, by lifting the brushes, returning the paper and 
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repeating. This assures a fit under actual running 
conditions. 


Brush Tension 


Brush tension is a factor quite generally neglected, 
although in reality important. The most efficient pressure 
is the lowest consistent with a low contact loss and free- 
dom from sparking, pitting and glowing. The proper 
pressure varies according to the class of service. Ordi- 
nary motors and generators require 1.5 to 2 pounds per 
square inch cross section. Crane, railway and haulage 
motors should be adjusted for higher pressures, 4+ to 7 
pounds per square inch being good values. Uniformity 
in tension is important, since it affects the current distri- 
bution. Particularly for large, heavy current machines 
this is true, since in machines of that type a brush having 
better contact than its fellows will become quickly over- 
loaded. Brush tension should be adjusted through the 
use of a small spring scales. 


Brush Noises 


Brush noises are due to vibration or chattering. If 
due to friction of the brush on the commutator the noise 
may vary in pitch. The remedy is a change in spring 
tension, angle of operation or grade of brush. Tempor- 
ary relief is afforded by lubrication. High mica may 
cause chattering. The remedy is obvious, the methods 
already having been discussed. Undercut commutators 
are sometimes noisy, particularly if the slots are wide or 
the brushes narrow. The only allowable remedies are 
changes of tension or angularity, or the use of graphite 
brushes. Lubrication is not advisable upon slotted com- 
mutators. 

Successful commutation and commutator maintenance 
are largely matters of regular inspection and attention to 
minute causes. A start toward sparking, once attained, 
leads to rapid deterioration. The easiest way to turn a 
commutator is to prevent it from becoming rough. 


Life-Testing of Imcandescent 
Lamps at Bureau of 
Standards 


The lamps purchased by the Federal Government, 
amounting to about 1,250,000 annually, are inspected and 
tested by the Bureau of Standards, Department of Com- 
merce. The specifications under which these lamps are 
tested are published by the Bureau and are recognized as 
standard by the manufacturers as well as by the Gov- 
ernment. They are used also by many other purchasers 
of lamps. 

The lamps are first inspected for mechanical and phys- 
ical defects, this being done at the factory by Bureau 
inspectors. Representative samples are selected and sent 
to the Bureau where they are burned on life-test at a 
specified efficiency at which they must give a certain 
number of hours life, depending upon the kind of lamp. 
About 5,000 lamps are thus burned on test each year. 

For this test care must be taken in the adjustment and 
regulation of the life-test voltage. 

Scientific Paper No. 265, just issued by the Bureau, 
gives a complete description of the special apparatus 
and of the methods used in these inspections and tests. 
Copies of the publication may be obtained free upon ap- 
plication to the Bureau of Standards, Washington, D. C. 
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At this time, when the economy and reliability of ball 
bearings are almost universally admitted, a few observa- 
tions on anti-friction ball bearing specialization may not 
be amiss. 

That there are special fields for different ball bearings 
may be unknown to some. Nevertheless, the fact exists 
—in the bearing field to possibly a greater extent than 
in other mechanical fields. Some bearings are useful 
only at slow speeds and do not demand any special care 
in mounting or manufacture. The next class, embracing 
a very large number, includes what may be termed, gen- 
eral utility or commercial bearings, in that they may be 
applied with a reasonable degree of success to practically 
any work in which the use of anti-friction bearings is 
desirable. The third and last class—high precision bear- 
ings—was brought into existence by the more general 


Fig. 1. Axle Lighting Generator Equipped with High Precision 
Open Type Ball Bearings, Rigidly Mounted, Showing Complete 
Assembly. 


understanding of anti-friction bearings and the conse- 
quent appreciation of the better results obtainable by 
proper selection. This type is rapidly growing in favor. 

It is the writer’s purpose to bring to the reader’s at- 
tention some of the features which cause the high pre- 
cision bearing, especially the open type, to commend it- 
self for use in electric motors and generators. 

Before entering further into the discussion, a few 
words describing the essential differences between open 
and closed type ball bearings may not be amiss. Both 
types are true radial bearings, carrying their load on a 
vertical line passing through the points of contact be- 
tween balls and races, through the center of the ball and 
the center of the races, at right angles to the axis of 
rotation of the balls and to the axis of rotation of the 
bearings. 

Speaking generally, the foregoing is the only feature 
the open and closed type bearings have in common. The 
closed type bearing is a self-contained unit assembled 
at the factory and non-separable; while the open type is 
separable without the use of tools into three parts, or 
units, namely, outer race, cage with balls, and inner race 
—each being entirely independent of the others and in- 
terchangeable with any corresponding unit of a similar 
sized bearing. The drawing gives a very clear idea of how 
this feature can be advantageously made use of in an 
axle lighting generator or electric motor. 


=Engineer, The Norma Company of America, New York City. 


A section of one of the commonly used axle lighting 
generators is shown in Fig. 1 and this illustration gives 
a very clear idea of the method of mounting open type 
ball bearings. In this instance, as in general practice, 
the inner races are permanently assembled on the arma- 
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Fig. 2. Axle Lighting Generator with Pulley End Head Loosened 
and Armature Partially Withdrawn, Showing Easy Disassembly and 
Ready Accessibility of Open Type Ball Bearings. 


ture spindle by the maker and it is unnecessary (except 
in case of accident) to disturb this original mounting. 
The outer races are also rigidly mounted, the race on 
the commutator end being mounted in the grease cap and 
assembled as a unit with it. It will be seen that this 
grease cap is threaded, as is also the end plate. This 
provides for adjustment of the bearing. 

To remove the armature, it is only necessary to loosen 
the pulley and head. A light, steady pull will then suf- 
fice to release the armature spindle from the commutator 
and bearing, the inner race staying on the armature shaft 
and leaving the outer race with the ball cage assembly 
in the grease cap, as above described. (Fig. 2.) 

Cleaning the bearings is accomplished by wiping off 
the races, each separately, with a piece of clean waste. 
The balls and ball cage should next be washed and in- 
spected, and each separate ball as well as the raceways 
looked over, to insure everything being absolutely clean. 

In reassembling, it 1s only necessary to unscrew the 
adjustable grease cap on the commutator end, which in 
turn will release the ball cage. The armature is then 
put back in its normal running position, the balls with 
their retainer slipped over the inner race which is still 
on the armature shaft, the grease cap filled and partially 
screwed up. Then, while finally screwing up the grease 
cap and locking it in position, the attendant should 
rotate the pulley from time to time to see that the arma- 
ture moves freely. When the grease cap is screwed up 
so that there is absolutely no end play and the arma- 
ture shaft can still be rotated freely by hand, the bearing 
is again properly adjusted. 

Before closing-—as the writer has referred on one or 
two occasions in this article to rigid mounting, and 
knowing that this has not been common practice in the 
past but is becoming more general—an explanation of 
his views on the subject may be of interest. In the 
earlier stage of mounting ball bearings in electric motors 
and generators, it was the belief of most designers that 
the axial elongation of armature spindles due to the 
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working rise in temperature was a much larger factor 
than it has proved to be in practice. It was, therefore, 
urged, with this belief in view, that one bearing be 
mounted rigidly and the other one given what is known 
as a “floating” fit in its housing. 

The term “floating” fit, allowing much latitude 
and being abused often, permitted a bad condition 
at the outset to rapidly grow worse with time. 
Looseness allowed vibration, and vibration in a bear- 
ing means noise and wear; a condition was created which 
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was rapidly aggravated as speeds increased—the result 
being an enlarged bore in the housing accompanied by 
excessive noise and vibration which in turn decreased 
the life of the bearing. 

Such a condition is absolutely forbidden by the newer 
practice of mounting both inner and outer races rigidly 
—which confines all wear within the bearing itself 
(which is designed to resist wear) and obviates all pos- 
sibility of wear in the housings, with the resultant rapid 
deterioration. 


A. Code for Better Lighting 


Believing that the proper illumination of railway offices, 
depots, shops, freight warehouses, docks, etc., is a most 
important factor in preventing accidents, in producing 
greater accuracy of workmansluip and in increasing labor 
efliciency, we are reprinting, in short, readable articles, a 
Code of Lighting, prepared by committees of the Illumi- 
nating Engineering Society. This code is practical 
summary of information pertaining to the wlwmination 
of shops and other work places. 

The first article appeared in the January issue. 


Section VIIl. Licutine Circurrs.—The question of 
lighting circuits is mentioned here with particular refer- 
ence to shop conditions, where motor loads are apt to be 
large in comparison to the energy consumption of elec- 
tric lamps which are in service. In some cases the 
proportion of motor load to lighting load is in the ratio 
of 10 to 1, in others 7 to 1, and so on, and the varying 
demands on the circuits by motors may greatly affect the 
lamps. Hence it is important to maintain strictly separate 
supply circuits for the lamps in order to avoid varying 
voltage which is apt to result if the motors are connected 
to the same circuits with the lamps. 

Constant Voltage.—In addition to the superior illumi- 
nation resulting from lamps supplied from constant volt- 
age mains, some types operate with longer life or very 
much better mechanically when supplied with constant 
voltage than otherwise. These features will therefore 
generally more than offset the somewhat greater cost of 
maintaining separate circuits for each class of service. 

Section IX. Controt or LAMPS AND ARRANGEMENT 
or Swirciues.—The control of lamps in shop lighting is 
important in all cases, but specially so where a large num- 
ber of lamps is used in preference to a small number for 
a given floor area. For example, where an overhead 
system of tungsten lamps of small size is used, a large 
number will, of course, be necessary for a given floor 
area, and in such cases the number of control circuits 
may at times seem excessive when planned out for suff- 
cient flexibility of operation. Such circuits, however, in 
rendering the system more flexible, will be more than 
paid for ‘by the saving in energy and maintenance due to 
the turning out of lamps not needed in certain sections 
of the factory or mill, provided the number of hours per 
day during which the lamps are used on the average is 
relatively larze, and the differences in daylight intensities 
over the floor area is also relatively large. 

Control Parallel to Windows.—The lamps most distant 


from the windows will usually be required at times when 
the natural light near the windows is entirely adequate, 
thus making it an advantage to arrange the groups of 
lamps in circuits parallel to the windows. The advantage 
of this method is further apparent when it is considered 
that if the lamps are controlled in rows perpendicular to 
the windows, all lamps in a row will necessarily be on at 
one time, while a portion only may be required. 

Practical Case —The foregoing statement may be de- 
veloped into a definite proposition. Thus, to install a 
single switch may involve, say, $5.00 as its first cost. If 
ten lamps are to be controlled from a single switch, these 
ten lamps must obviously either all be turned off at a 
time or all-turned on at a time. An additional switch at 
a cost of $5.00 wiil permit either half of these ten lamps 
being turned off, 1f not required at certain times when 
the remaining five are needed. This extra switch may 
or may not be an economy. Consider, for example, the 
case where these five lamps are of the 60-watt tungsten 
type, and that they are turned off by the extra switch on 
an average of one-half an hour per day while the others 
are needed, or vice versa. In a year’s time, the energy 
saved at 1 cent per kilowatt-hour, will amount to perhaps 
50 cents. At this rate it will require ten years for the 
energy saved to pay for the first cost of the extra switch. 
This would not be considered a distinct economy. If, 
however, the energy cost be greater, and more nearly the 
average under actual conditions, or if the number of 
hours per day during which a portion only of the lamps 
will not be used be greater, then these values will be cor- 
respondingely modified. 

Locating Switches and Controls.—In locating switches 
or controls in shop aisles, care should be exercised to 
arrange them systematically—that is, on columns situated 
on the same side of the aisle and on the same relative 
side of each column. This plan materially simplifies the 
finding of switches or centrols, by those responsible for 
turning on and off the lamps, and is particularly impor- 
tant where a given floor space is illuminated by a large 
number of small or medium-sized lamps distributed uni- 
formly over the ceiling area, a feature which is usually 
accompanied by the use of a relatively large number of 
switches or controls. 

SECTION X. SYSTEMATIC PROCEDURE SHOULD BE 
FOLLOWED iN CHANGING A Poor LIGHTING SYSTEM OVER 
TO AN IMPROVED ARRANGEMENT.—When undertaking the 
change from an old to a new lighting system, the various 
forms of illumination which are adapted to shop spaces 
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should be studied, and an investigation made of the vari- 
ous types of electric lamps on the market which are avail- 
able for the purpose. 

Time should be allowed for a study of the given loca- 
tions to be lighted; for preparing the plans of procedure 
in the installation of electric lamps and auxiliaries, and 
for customary delays in the receipt of the necessary sup- 
plies and accessories to the work in hand. Altogether, 
therefore, work of this kind requires considerable time 
for its completion. 

Using the Shop Force—In large shops a wiring force 
is sometimes a part of the maintenance division. The 
work of the wiremen or fitters is likely to be heaviest in 
the winter due to the dark days. Where this condition 
exists, there is all the more reason to apportion out new 
work so as to accomplish it during the months of least 
wiring and piping repair activity, and further, at that 
time of the year when employees will be comparatively 
unaffected by the disturbances usually associated with a 
change from an old to a new lighting system through 
possible irregularities in the illumination service while the 
wiremen or fitters are at work. 


Distribution of Expense-——Another feature different 
from the foregoing viewpoint is in the distribution of 
the installation cost over a relatively long interval. If, 
for example, the system is desired for the approaching 
winter, the complete wiring or piping plans may be drawn 
up and blocked out into three, four or even more sections, 
thus spreading the expense over as many months. 

Yearly Appropriation—In some shops a given appro- 
priation may be allotted each year for building equip- 
ment. From the standpoint of finance plans, it may thus 
be desirable to distribute outlays of this nature over the 
year rather than to concentrate them at any one time. 
An important consideration in this method of installing 
lamps, however, is to prepare in as far as possible the 
complete plans in advance, at least as regards given shop 
sections, so as to insure a uniform and symmetrical in- 
stallation as a whole when the component parts are fin- 
ished. 

SECTION XI. REFLECTORS AND THEIR EFFECT ON 
Erriciency.—A reflector or shade is used 1n conjunction 
with a lamp for the purpose of reducing the glare other- 
wise caused by looking directly into the bare lamp, as 
well as for the purpose of redirecting the light most ef- 
fectively to the work. 

Reflectors and shades are now obtainable so designed 
as to be specially adapted to give sizes and types of the 
smaller and medium-sized line of lamps, and hence care 
should be used to be sure that both reflectors and lamps 
are of the correct size in their relation to each other. This 
is of the utmost importance in securing uniform illumina- 
tion for a given spacing distance and mounting height of 
the lamps. For a certain ratio between the spacing and 
the height of the lamps a reflector can nearly always be 
selected which will furnish uniform illumination over the 
working surface. 


Function of Reflector.—Owing to the direction of the 
light from the lamp, nearly all types of lamps, in addition 
to the downward light, furnish some rays which go up- 
wards and away in other directions from the objects to 
be illuminated, and are therefore relatively not useful. 
Furthermore, a bright source in the field of vision causes 
an involuntary contraction of the pupil of the eye, which 
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is equivalent to a decrease in illumination 1n so far as the 
eye is concerned. Hence, while reflectors or shades may 
at first seem to reduce the amount of light in the upper 
part of the room, their use actually increases the amount 
of light in a downward useful direction, and improves the 
“seeing” due to the better conditions which surround the 
eyes. The economic function of the reflector, as con- 
trasted with the easier conditions it affords the eyes, is to 
intercept the otherwise useless or comparatively useless 
rays which do not ordinarily reach the work, and to re- 
flect them in a useful direction. In performing this func- 
tion, there 1s a choice through the design of the reflector 
in the manner of distributing the light so as to make the 
illumination on the floor space uniform with certain 
spacing distances and mounting heights as previously 
mentioned. 

Avoiding Dark Spots——With the use of lamps for 
which a large variety of reflectors is available, the proper 
reflector should therefore be chosen so as to give the de- 
sired distribution of light. In other cases, as in the use 
of the gas or electric arc lamps, where the globe or re- 
flector 1s usually a fixed part of the lamp, care must be 
exercised to space the lamps at sufficiently close intervals 
to insure uniformity of the illumination—that is, a free- 
dom from the relatively dark spaces which exist between 
lamps when spaced too far apart. 

Light Interiors—With a light ceiling, the reflection of 
that part of the light which passes through a glass re- 
flector to the ceiling, and which is added to the light 
thrown downward from the under surface of the reflector, 
is a factor in building up the intensity of the illumination 
on the working surface. Great importance is therefore 
attached to light interior colors, especially on ceilings 
and the upper portions of walls, both in reinforcing the 
direct illumination and in giving diffusion, which in turn 
adds to the amount of light received on the side of a piece 
of work. It should also be stated that the intensity of 
the light from bare overhead lamps when measured on 
the working surface may be increased by as much as 60 
per cent through the use of efficient reflectarsiy Diiemas 
due to the utilization of the horizontal rays of light, as 
previously stated, which predominate in the bare lamp, 
whereas the most effective light in. factory and mill work 
is apt to be that which is directed downward. on the 
working plane. 

Glass and Metal Reflectors Compared—The question 
is sometimes raised as to the use of glass reflectors in 
connection with lamps for factory and mill lighting. This 
question is largely one of economy and maintenance, and 
it may be answered either in an offhand way or on a basis 
of practical experience with both types. 

In large installations of small units there has been an 
effort to establish the merits of glass and of metal re- 
flectors by equipping lamps in adjacent bays with glass 
reflectors in one case and with metal reflectors in the 
other. It has been found almost invariably that if the 
choice is left to the workmen and superintendents glass 
reflectors will be given preference over metal, mainly on 
account of the added cheerfulness they produce. If, there- 
fore, the first cost and maintenance expense of the glass 
reflectors is practically the same as with metal, then glass 
may be employed to advantage. 

Reflector Efficiency—Glass reflectors on the market 
are capable of producing an amount of illumination equal 
and even greater in some cases than that produced by the 
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best metal reflectors, and even if the first cost is somewhat 
higher, the added advantage of glass as opposed to metal 
is usually sufficient to make the small difference in cost 
a negligible item. ‘This factor is all the more noticeable 
when one considers that the reflector itself is a small part 
of the totai cost connected with the wiring or piping of 
the lamp and its reflector. 

Metal reflectors are also available. Some of the advan- 
tages of the metal reflector are that it is unbreakable and 
that accumulations of dust on the outer surface do not 
decrease efficiency. 

Reflector Maintenance-—RKegarding the maintenance 
of glass reflectors under rough factory, mill and shop 
conditions, it may be stated that glass reflectors are used 
quite widely with almost a negligible increase due to 
breakage. Thus, out of the total maintenance cost in one 
representative installation, it was found that the charges 
were proportioned as foilows: 


Rewewals cost of lamps (tungsten) 4... <..0n- 
Renewals, broken glass reflectors ............... 
Labor, making renewals and changing reflectors 

TOME WAS HTD OUI, evden ce otis fect cies tele aus cdovecocwoaede 
Labor, reflector washing > One BR a Sch EERE 


75 per cent 
3 per cent 


16 per cent 
2 per cent 
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Points to Consider—Reflectors will not be classified 
here from the commercial standpoint, but the following 
items should be given consideration in the selection of the 
type of reflector for factory or mill use: 


1. Utilization efficiency: how much does the reflector 
contribute to the effective illumination on the work ? 


2. The effect in reducing glare. 


3. Natural deterioration with age through accumula- 
tions of dust and dirt. 

4. Ease in handling and uniformity of manufacture. 

5. Physical strength and the absence of projections 
which may increase the breakage in case of glass 
reflectors. 

A study of the various reflectors on the market with 
the aid of these items as a basis will determine what re- 
flectors are best adapted to given conditions. Regarding 
the third item in the furegoing list, it may be stated that 
under comparative tests in service, the accumulations of 
dust and dirt on glass reflectors do not seem to be any 
greater than the coating of dirt which accumulates on the 


Additional indirect QUEER Sle a an ee 4 per cent inside of a metal reflector in the same length of time 

Total meres ee Pe de 5s. 100 percent under the same conditions. 
eee ee 
E or Section = 
0g 
The Transformer AS A (1)—Line and boosting transformer should be de- 


Voltage Booster. 
J- A. Wickman* 
MVINT. 
Cases have often times come up where a generating 


station generates 2,200 volts at the bus bar, and some 
certain feeder is to supply some very distant point where 
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Fig. 50. Diagram of Connections When Using a Transformer as 
a Voltage Booster. 


it would not be economical to install two transformers, 
that is, a bank of step up and a bank of step down trans- 
formers, such a case can be taken care of by using a 
transformer as a booster. By refering to Fig 50, which 

is a diagram of the connections that outa be used, the 
primary (P) of the booster transformer would be con- 
nected across the lines A and B, which are on the station 
side, while the secondary part (S) would be connected 
in series with one of the main lines. This diagram shows 
that a transformer is used having a ratio of 10 to 1, or 
having a boost of 10%, that is 10% added to 2,200 volts 
will ewe 2,420 volts. Theoretically this scheme is suc- 
cessful and applicable, but in practice certain conditions 
must be met as follows: 


*General Foreman, Electric Department, Illinois Central, Chicago. 


signed for the same frequency. 

(2)—The high tension windings of the boosting trans- 
former should be wound for a voltage nearly equal as that 
of the line. 

(3)—The boosting transformer should have sufficient 
current carrying capacity so as not to cause undue heating 
when giving the proper boost voltage from the secondary 
to line. 

Size of Transformer 

As an example, assume a line load of 80 k.w., at 95 
per cent power factor. What size transformer is required 
to boost the voltage from 2,200 to 2,420 volts (Referring 
to diagram. ) 

80 
——— = 84.2 kilovolt-amperes. 
195 
84.2 x 1000 


Load current would equal =34.8 amperes, 


primary side. 2420 
34.8 x 220 
Booster transformer load would equal —— —= 


1000 


7.65 k.v.a. 

Therefore a 10 k.w. transformer would be of suffi- 
cient capacity. It should be noted that the secondary 
voltage or 220 volts, which is one-tenth of the primary 
voltage, is used in obtaining the transformer load. 


Three-Phase Transformation 
There are two methods of transforming three-phase 
currents. One method is to use a three-phase transformer 
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and the other is to use two or three single phase trans- 
formers. 

There are many connections used when connecting 
transformers for three-phase work. As in the alternator 
or the alternating current motor stator, there may be a 
star or delta connection which will make quite a differ- 
ence in the voltages obtained. Referring to the diagram 
of a three-phase transformer in Fig. 56, if the leads 
shown at the bottom are numbered from left to right, 
l, 2,3; 4, 5,6, andi 2, 4 and*6 arevconnectéed together 
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as in part (a), that is, 1155+-volts, and with the same 
ratio 1155 divided by 20 equals 57.75 volts and as the 
secondary side is connected delta each terminal would 
have this voltage. 

In Fig. 53 primary and secondary are connected delta, 
therefore the primary would receive the full line voltage 
of 2,000 volts, which divided by the transformer ratio of 
20 equals 100 volts which would be the secondary voltage. 

In Fig 54 is shown the open delta connection which 
only requires two single phase transformers, each receiv- 
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Fig. 51. Primaries and Secondaries Connected Fig. 52. Primaries Connected Star, Secondaries 


in Star. 


and if 1, 3 and 5 are connected to the load we would have 
a star connection on the secondary side. To get a delta 
connection we would connect 2 and 3 together as one 
lead, 1 and 6 as the second and 4 and 5 as the third. It 
will be seen, therefore, that it is possible to get two differ- 
ent voltages with the same transformer, and that the 
star voltage will be the square root of three (1.73-+-) 
times the delta voltage. The different ways of transform- 


200: 


_ 2000 |. 2000. 


Connected Delta. 


ing the full line voltage across the primaries, therefore 
the secondary voltage would be in the same ratio as shown 
in Fig. 54 or 100 volts. It should be remembered that 
this connection may be used in case of trouble whenever 
one of the three delta connected transformers burns out or 
is otherwise out of commission. Another use made of 
the open delta connection, is to cut out one transformer 
at night, when three transformers are being used, so as 
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Fig. 53. Primaries and Secondaries Con- Fig. 54. 


nected Delta. 


ing three-phase current by the use of single phase trans- 
formers are shown in Figs. 51 to 55. 

The numbers given in the diagrams represent the volt- 
ages between whatever lines they are placed and in each 
case the ratio of the transformer is considered 20 to 1. 
In Fig.51 the primaries of the transformers are connected 
star, thereby giving a voltage of 2200, divided by the 
square root of three (1.73-+-) or 1155 volts across each 
terminal. As each transformer has a ratio of 20 to 1 we 
would divide 1155 by 20 which equals 57.7-volts and as 
the secondary is also connected star we would get a volt- 
age of 57.7x1.732 or 100 volts across the secondary ter- 
minals. In Fig. 52 the primaries are connected star so 
we would have the same voltage across each transformer 


Primaries and Secondaries Con- 
nected Open Delta. 


Primaries Connected Delta and Sec- 
ondaries Connected Star. 


Fig. 55. 


to save the core and copper losses during the light loads. 

The diagram in Fig. 55 shows a delta connected primar- 
ily which receives the full line voltage. Dividing this volt- 
age by the transformer ratio of 20 gives 100 volts across 
each terminal of the secondaries, which, being connected 
star, gives 100 x 1.732 or 173.2 volts across the secondary 
lines. It will thus be seen that if it is desired to transmit 
power for a great distance the voltage can be stepped up 
by using the same connections as shown in either of these 
cases. The star connection is used more for very high 
voltage transmission work than the delta because it raises 
the voltage higher with the same transformer. 

The delta connection is used more in short distant 
transmissions where there is a large amount of power. 


EE —< 
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No hard and fast rule could be given where one connec- 
tion would be used to the exclusion of all others, there- 


_ fore each installation should receive special considera- 


tion. The question often arises whether it is more 
Primary 
z { 
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Secondary 
Fig. 56. Schematic Diagram of a Three-Phase Transformer. 


economical and practical to use two transformers con- 
nected in open delta or to use three transformers con- 
nected in regular delta. The comparative efficiencies of 
these as well as the first costs and losses are about equal, 
however with the open delta, floor space and simplicity of 


_connections are gained. On the other hand, if a bank of 


three transformers are used instead of two in case of one 
burning out the other two may be depended on to carry 
58 per cent of the total load, while it would be necessary 
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A B 


Schematic Diagram of Scott Connected Transformers for 
Changing Two-Phase to Three-Phase. 


Fig. 57, 


to supply an extra transformer in case one burns out with 
an open delta connection. Wherever unbalanced voltage 
conditions are undesirable the open delta is not recom- 
mended as the voltage drop is not symmetrical. 


Phase Changing Transformers 
In practice it often becomes necessary to change cur- 
rent from one phase to another, that is, from two-phase 
to three-phase, or vice versa. Special designed trans- 
formers are used in making this transformation and the 
system is called the Scott system after the inventor. 
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The Scott or T-connection consists of two single-phase 
transformers which, on the two-phase side, may be con- 
nected to a two-phase system in the regular way. On the 
three-phase side one transformer has a tap at the middle 
point and the other a tap giving .87 per cent of full volt- 
age. A diagram of connections for Scott connected trans- 
formers is shown in Fig. 57, and a vector representation 
of the three-phase side of this connection is given in 


Pip ssa es Asethe. tovalepower is) 20H, 1, (2-phase)= 
2 Evale 
V3 E, I, (3-phase) it is evident that I,——— 
V3 Es 


which means that the three-phase current is 16 per cent 
greater than it would be for straight single or two-phase 
transformation. ‘Therefore, the total transformer capacity 
must be 4 per cent greater than the load. In practice it is 
customary, for the sake of interchangeability, to make 
the capacity of both transformers 16 per cent greater than 
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Fig. 58. The Scott Connection Shown Vectorially so as to Show 
More Clearly Why One Transformer is Wound to Give Only 87 Per 
Cent of the Voltage of the Other Transformer. 


the load and to specify for both a 50 per cent and 87 per 
cent tap on both transformers. 

With this connection both the primary and secondary 
voltages are balanced if the load is balanced, but any un- 
balancing of the secondary causes a like amount of un- 
balancing in the primary and if the load comes on one 
phase of the secondary it will also come on one phase 
of the primary. 

The reason why one transformer is wound to give only 
.87 per cent of the voltage of the other transformer or the 
line voltage may be explained by referring to Fig. 58. 

It is clear that the triangle A B C must be equilateral 
(all angles and all sides equal) if the three line voltages, 
A B, A C, and B C are to be equal. If we designate each 
one of these line voltages as E it follows that BC or the 
voltage of the transformer B must be 

\/ B= (5K 2 BA 1 — 25) = 
N/a = 0001s 

The power delivered to the three-phase system is, as 
usual, measured by the two-wattmeter method and is 
equal ‘to HI V3. 

It is also true that each transformer carries one-half of 
the total load. 

Transformers that are used with the Scott connection 
can be used as any other transformer, the only difference 
between them and any other is that the extra tap is taken 
off in the windings so as to use .866% of the secondary 
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coils. The diagram shown in Fig. 59 will give a better 
idea of how the connections would look on an actual 
transformer. It will be noticed that the three-phase leads 
are numbered 1, 2, 3 and that the .866% tap is repre- 
sented by X in both transformers A and B. The primary 
coils, in actual construction, are made up in two coils so 
as to give different voltage connections ; thus by connect- 
ing C and D, E and F, H and I, J and K in pairs would 
give one voltage on a two-phase system, while another 
connection could be made by connecting D and E together 
and using C and F as the terminals for One phase and 
connect I and J together and use H and K as the terminals 
of the other phase. By using the leads G and L would 
produce still another voltage. It will also be noted that 
these transformers A and B are interchangeable, that is, 
transformer A could be used in the place of B and vice 
versa. 
Emergency Connections 

In case of trouble and if it is absolutely necessary to 
have the phase changing apparatus in operation when 
one of the regular transformers is out of commission an 
emergency connection can be made by using two trans- 
formers whose ratios are 10 to 1 and 9 to 1 and connect 
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Lesson No. 51 
The U. S. L. Type M Axle 
Generator 


The U..S. L. type M axle generator is typical of the 


U.S. L. equipments, it being the same as all other types 


in important details. 

The generator is a simple, four-pole, shunt machine, 
driven from the car axle by means of a belt, as usual. 
Four brushes are employed which commutate at the four 
neutral points on the commutator, the two positive 
brushes and the two negative brushes being connected 
in parallel. A large handhole is provided on each side 
of the generator, so that all four brushes may be easily 
inspected by simply removing the flexible handhole 
cover, as will be described later. 

The type M machine is regularly equipped with any of 
the standard makes of ball bearings desired. Each ball 
bearing head is provided witha special oil boss into which 
is screwed a pipe with a thumb screw cap through which 
grease may be squirted from a grease gun. One of these 
oil bosses is shown at R, Fig. 264. 

As a general thing the use of a grease gun is not re- 
commended, as with it grease is often forced out of the 
grease chamber into the machine. In some cases, how- 
ever, its use may be advisable: For instance, if the bear- 
ing on the commutator end is inspected and is found to 
require a certain amount of grease it would be reason- 
able to assume that the bearing at the pulley end would 
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one lead of the one that has the 9 to 1 ratio to the center 
point of the one having the 10 to 1 ratio. This connec- 
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Fig. 59. Diagram Showing Actual Connection of Two Transformers 
Used for Changing from Three-Phase to Two-Phase 


tion causes a small phase displacement and an unsym- 
metrical voltage balance, that 1s, the voltage across any 
two phases is not exactly equal, but is all right for power 
connections and although it is better than a shut down it 
is recommended for emergency purposes only. 


li 
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require a similar or perhaps a slightly less amount which 
could be forced in with a grease gun. In this way the 
work of removing the pulley end bearing cap would be 
avoided. It should be remembered that, contrary to 
what would be expected, the pulley end bearing always 
consumes less grease than the bearing at the commutator 
end, exactly opposite to the requirements of sleeve bear- 
ings. This is, no doubt, caused by the heat from the 
commutator melting the grease at that end to some 
extent. 

The leads from the generator brushes, together with 
the positive and negative field leads, are brought to a 
terminal block S, Fig. 266, which is mounted on the 
front of the machine. The two generator leads and both 
field leads are attached to bolts on the outside of the 
terminal block and from there are taken through a can- 
vas hose to the connecting block on the car body where 
the negative generater and field leads are connected to- 
gether. 

Automatic Pole Changer 

Since a car lighting generator must have a fixed pol- 
arity to enable it to charge the storage battery, the re- 
versal in the direction of the car motion necessitates 
the employment of an automatic pole changer. The U. 
S. L. automatic pole changer utilizes the friction be- 
tween the commutator and brushes to shift the position 
of the latter with each reversal in the direction of rota- 
tion. The pole changer consists essentially of a separate 
brush rig carried on ball bearings which enables it to 
rotate freely within the housing of the generator. This 


each end and a threaded hole at the center. 
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brush rig is shown removed from the generator casing 
in Fig, 273. 

It is a well known principle that the most perfect com- 
mutation with a simple shunt machine can be secured 
only by giving the brushes a lead. For this reason the 
brush rig of the U. S. L. automatic pole changer is per- 
mitted by the stops T, Fig. 272, to rotate through an 
angle of 95 degrees, thus securing a lead of 21%4 degrees 
in each position, 

Suspension 
The generator suspension is of the link type and is 
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pointed bolt grinding into this center would wear it to 
such an extent that it would be out of true. For this 
reason it is considered the best practice to finish the 
forcing bolt off square at the end. 

To remove the pulley, apply the pulley puller as shown 
in Fig. 265, and screw up on the center bolt until the 
pulley becomes loose on the shaft. It may then be 
pulled entirely off by hand. 


Removing Terminal Box Cover 
The terminal box cover C, Fig. 265, should now be 
removed by unscrewing the four 3g-in. cap screws. This 


Fig. 263. Pulley End of the U. S. 
L. Type ‘‘M’’ Axle Generator. The 
Puller Lying in Front of the Ma- 
chine is Screwed to the Pulley Web 
as Shown in Fig. 265. Note the 
Threads for Various Sizes of Holes 
on the Two Bolts at the Left. 


erator, from the 


Gun. 


provided with two tension springs, one on each side. 
The generator is attached to the two links by four sup- 
porting lugs or feet made in the form of split bearings 
which, together with all parts of the suspension that 
are subject to wear, are provided with bushing that may 
readily be replaced when worn. 


Dismantling the Generator 
The extent to which a generator is torn down for in- 
spection or repairs depends altogether on what repairs 
are necessary, but in this lesson we will assume that the 
machine is to be all torn apart and the reader can then 
use his own judgment in performing the operations neces- 
cary in each individual case of inspection. 


Removing the Pulley 

It is always the best practice, when removing a pulley, 
to use a pulley puller whether the machine is on its sus- 
pension or removed to the shop. If a hammer and cold 
chisel is used to force the pulley off, the pulley flange 
is liable to be broken and at the same time such procedure 
may spring the armature shaft. 

One form of pulley puller that is in general use is 
shown in front of the machine in Fig. 262. This style 
of puller consists of a bar of steel with slotted holes at 
The slotted 
holes receive bolts with threads for various diameters 
of holes at one end, with a regular nut and washer at 
the other. These two bolts screw into the holes in the 
pulley web. The center hole takes a bolt which 1s 
threaded its entire length and which, when the puller is 
in position, is screwed down against the end of the shaft 
thus forcing the pulley off. This center bolt should never 
be pointed at the end to go into the shaft center as it is 
essential that the shaft center should not be injured. The 


Fig. 264. Another View of the Gen- 
Commutator End 
Showing the Oil Pipe ‘‘R” 
Which it is Possible to Inject Grease 
into the Ball Bearings with a Grease 
There is Another Similar Pipe 
on the Other End of the Machine. 


Fig. 265. To Remove the Pulley the Cotter Pin is 
First Taken from the Castle Nut at the End of the 


Shaft and the Nut Removed. Then the Pulley 
Puller is Attached as Shown and the Center Bolt 
Screwed Down Against the End of the Shaft. 
This Will Loosen the Pulley So That It May Easily 
Be Removed by Hand. 


Through 


will expose the four terminals of the block as shown 
at S, Fig. 266, which should be carefully inspected to 
see if all connections are tight. Facing the name plate 
side of the machine, and going from left to right, the 
terminals are —G, —I*, +F, +G. As previously men- 
tioned, the —G and —IF leads are not connected together 
until they are taken to the terminal block on the body of 
the car. For this reason there are four leads from the ma- 
chine to this latter terminal block, consisting of the two 
generator and the two field leads. Formerly the —G and 
—F were connected together on the generator terminal 
block, but it was found that under these conditions a break 
in the negative generator lead between the machine and 
the car body caused it to operate as a series generator, 
with the main current going through the field. The exces- 
sive current generated at such a time would, of course, 
cause serious damage to the field, usually a “burn-out.” 

It is evident that if the connection between the —G and 
—F was made on the car body instead of at the generator, 
the trouble described above could not occur, as a break 
in any of the leads below the car body would open the 
circuit affected. As an extra safeguard, therefore, this 
method is employed in the U. S. L. equipments and four 
leads instead of three go to the car body terminal block. 
The usual three leads (+G, —F, —G) are then taken 
from this terminal block to the switchboard. 


Removing Ball Bearing Head Cap-——Pulley End 


The next step in the process of dismantling the gen- 
erator is to remove the ball bearing head cap, D, Fig. 
265, at the pulley end. 

After removing the pulley loosen the five 36-in. cap 
screws in this head cap and remove it by gently prying 
with a screwdriver around the outer edge or by gently 
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tapping with a hammer. It should be noted at this point 


that the cap has six holes, one of which is designed to 
receive the dowel pin U, Fig. 266, at the top which 
makes it an easy matter to re-assemble this cap in the 
proper position. After the cap screws have been removed 
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Y, Fig. 268; then adjust the special wrench E, Fig. 267, 
on the shaft, after inserting the shaft key. This wrench 
when allowed to rest on the bench or part of the sus- 
pension, etc., will keep the armature from turning while 
the lock nut is being unscrewed with the spanner wrench 


Fig. 266. A View of the Machine After the 
Ball Bearing Head Cap, at the Pulley End, 
and the Terminal Box Cover Has Been Re- is 
moved. The Bearing on This Machine, 
Which is Shown Exposed, Has Run for Five 
Months Without Attention and it Will Be 
Noticed That There is Still Plenty of Grease. 


Loosened 


it is, of course, necessary to remove the shaft key be- 
fore the head cap can be taken off. 


Removing Ball Bearing Head Cap—Commutator End 

The ball bearing head cap at the commutator end is 
next removed, in a similar manner, by loosening the five 
3g-in. cap screws. Both bearings are now exposed and 
the amount of grease in each can be noted so that if it 
is simply a question of inspecting the bearings to see 


Fig. 267. After the Bearing Head 
Cap is Removed the Bearing Nut 
the Spanner 
Wrench F, While the Shaft is Held 
Stationary by the Special Wrench E 
Which is Slipped Over the End of 
the Shaft and the Shaft Key. 


with 


Fig. 268. A View of the Machine Showing Bearing 
Head at the Pulley End Removed. Before the Cap 
Screws A, Fig. 267, Were Loosened It Was Neces- 
sary to Loosen the Bearing on the Shaft by Re- 
moving the Bearing Nut Y, the Lock Plate W, the 
Bearing Sleeve, the Bearing Spring Washer A. 
These Parts Are Shown in the Foreground. 


F, Fig. 267. Before the wrench E is removed the lock 
nut on the commutator end should also be loosened. 
After unscrewing the lock nut on the pulley end and 
removing it and the lockplate from the shaft the ball 
bearing sleeve Z, Fig. 268, and ball bearing spring 
washer A, Fig, 268, can be pried out by a screwdriver 
and also removed. ‘The entire ball bearing head may 
now be removed by taking out the four 1%4-in. cap screws 


Fig. 269. A View Similar to That Shown in 
Fig. 268 Except That the Ball Bearing Has 
Been Removed from the Bearing Head. This 
Bearing is Easily Removed. 


whether they need grease or not, it is only necessary to 
remove both head caps as has just been described. 


Removing Ball Bearing Head—Pulley End 


The next step in dismantling the generator is to re- 
move the ball bearing head at the pulley end. To do 
this it is first necessary to loosen up the bearing on the 
shaft, which is done as follows: First, take a screw- 
driver, or a small cold chisel and bend up the projec- 
tion of the bearing lockplate W, Fig. 268, which had 
been turned down into one of the slots of the lock nut 


Fig. 270. The Ball 
moved from the Commutator End Showing 
That There is Still a large Amount of Grease 
in the Bearing After Five Months Operation. 


Bearing Head Cap Re- Fig. 271. The Bearing Mounting 


Parts, Shown in Front of the Machine, 
Are the Same as Those Removed from 
the Pulley End. 


A, Fig. 267. It should be noted that at the top of the 
bearing head there is a hole for the reception of a dowel 
pin similar to that provided in the ball bearing head cap. 
In re-assembling, this hole may be easily identified be- 
cause it is smaller than the others and is not provided 
with a boss. It should also be noted at this point that 
the initials of the U. S. Light & Heat Corporation are 
cast on the bottom of the ball bearing head and that 
there is a long oil boss cast on the left side of the head 
facing the machine. By noting these things there 
should be no trouble in re-assembling the head in the 
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correct manner. In case this lead sticks, two of the cap 
screws may be screwed into the two holes X, Fig. 266, 
which will force the lead out. 

If desirable the bearing itself may be removed from 
the ball bearing head before the head is removed from 
the machine but when completely dismantling the ma- 
chine the general procedure is to leave the ball bearing 
in the head on the pulley end until after the head 
is removed so that there will be no temptation to set the 
bearing down in sand or cinders. It may also be de- 
sirable, when completely dismantling the machine, to re- 
move the ball bearing nut lockplate, sleeve and spring 
washer from both ends before either ball bearing head is 
removed. 


Removing Ball Bearing Head—Commutator End 

Turning to the commutator end, we find that the ball 
bearing nut has already been loosened, this being done 
at the same time that the nut on the pulley end was 
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should be loosened so that both flexible leads will be dis- 
connected from the terminal block. The brush rig can 
now be easily removed with the hand and the machine 
will be dismantled as shown in Fig. 273. 


Removing the Armature 
- The usual practice is to remove the armature from the 
pulley end because the longer shaft extension at this end 
provides a greater leverage. 


Painting the Field Coils 

The fiber wedges Q, Fig. 274, should now be removed 
by gently pounding them with a hammer and the field 
coils painted with a suitable varnish while they are still 
in place and connected up. If it should ever become 
necessary to remove the field coils it is important, when 
replacing them again, to see that the bottom coil nearest 
the terminal block should be placed in such a position on 
the field core that the coil leads point toward the com- 


Fig. 272. The Machine- with the Bearing 
Head Removed Showing the Brush Rig ‘“R.’’ 
The Pole Changer Stops Are Shown at “P.” 
In the Foreground is the Inside Ball Bearing 
Sleeve ‘‘H’’ Shown in Fig. 261. This Sleeve 
ls Found Only on the Commutator End. 


Fig. 273. The 
Changer Removed. 


loosened, as already mentioned. The next step then is 
to unscrew this nut and remove it and the lockplate from 
the shaft. The otitside ball bearing sleeve, with its 
spring washer, is next removed by gently prying on 
both sides with a screwdriver. ‘The inside ball bearing 
sleeve, H, which is only found on the commutator end, 
is then exposed as shown in Fig. 271. When removing 
the head at the commutator end it is necessary to take 
out the bearings, which can easily be done with the 
fingers, before the head is removed so that the inside 
ball bearing tapered sleeve H, Fig. 271, can be taken 
from the shaft. After this inside sleeve has been re- 
moved the four %-in. cap screws, in the head, can be 
loosened and the head itself removed, which will ex- 
pose the brush rig R, as shown in Fig. 272. 


Removing the Brush Rig and Pole Changers 


The flexible handhole cover J, Fig. 272, is next taken 
off, which will expose the brushes and the flexible leads 
which are attached to the brush rig and also to the ter- 
minal bolt K. The handhole cover is removed by un- 
screwing the wrench L until it can be slipped out of the 
slot M. The T-bolt N is then thrown back and the entire 
handhole cover removed from the machine frame. The 
flexible leads O, Fig. 273, are attached to the terminal 
block by the terminal bolt K, Fig. 273, which can be un- 
screwed by using the terminal bolt wrench P. There is 
one of these bolts on each side of the machine and both 


Brush 
After the Flexible 
Leads O Are Loosened from the Terminal 
Block by Unscrewing the Terminal Block 
Bolt K with the Wrench P the Brush Rig 
Can Be Easily Removed. 


Rig and Pole 


Fig. 274. The Machine Entirely Dismantled 


with the Armature Removed. If it is De- 
sired to Paint the Field Coils the Fiber 
Wedges Q Are Removed. It is Considered 
the Best Practice to Remove the Armature 
from the Pulley End. 


mutator end. The leads from the two adjacent coils 
should point toward the pulley end and the leads of the 
coil diametrically opposite ; the first one mentioned should 
point to the commutator end. If care is used to place. 
the coils in this manner they will give the correct polar- 
ity when connected up. 


Cleaning the Ball Bearing 

After removing the ball bearings from their mount- 
ings in the ball bearing heads, they should be cleaned so 
as to remove all grease and dirt.. The usual way to clean 
a bearing is to thoroughly wash it in kerosene or gaso- 
lene. 

When in operation the outer race of the ball bearing 
is supposed to “creep” slowly in its mounting so that 
the outer race will wear evenly. Therefore, when the 
bearing is removed the inspector should note whether 
or not the outside surface of the outer race is more or 
less polished, showing the effect of revolving and wear- 
ing slightly in its mounting. If it is suspected that. the 
outer raceway has not been creeping properly it should 
be investigated and the cause removed. 


Overhauling the Brush Rig 
In overhauling U. S. L. equipment, it has been found 
good practice to replace the brush rig and pole changer 
removed with one which has been previously thoroughly 
cleaned and overhauled in the shops. When overhaul- 
ing brush rigs they should be thoroughly cleaned in 
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gasolene and tested for grounds. If the brush holders 
are not securely attached to the carrier they should be 
removed, carefully cleaned, insulations set in shellac and 
re-applied. The outer ball races and balls should then 
be removed and cleaned and should have a small amount 
of vaseline applied to them before being re-assembled. 
It is important that all brush rigs, after removal from 
the generator, should be fitted with brushes, pig tails 
and leads which are in good serviceable condition. After 
the brush rig is re-assembled and applied to the machine, 
the armature should be revolved in both directions to 
determine whether the tension of the brush finger 
springs causes sufficient friction between the brushes 
and the commutator to carry the brush rigging in both 
directions to its full travel. It is advisable to repeat this 
test after the handhole cover has been replaced so as 
to be sure the leads have not been caught under the 
handhole cover. 

In re-assembling the machine, the operations described 
above will be repeated in a reverse order. Care should 
be taken, when bolting the machine on the suspension, 
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to run a wire through the heads of the five-foot cap bolts 
under each end. 


Fig. 275. A Cross-Section View of the U. S. L. Type M Axle Gen- 
erator Showing Details of Assembly. 


The next lesson will be devoted to the U. S. L. panel 
and ampere hour meter control. 
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Ww. H. Wood 


In the electrical department of the Baltimore & Ohio 
Railroad, W. H. Wood has been appointed superin- 
tendent of power plants with headquarters at Baltimore, 
succeeding T. F. Foltz, resigned. 

Mr. Wood comes to the Baltimore & Ohio from the 
American Writing Paper Company, of Holyoke, Mass., 
where he had charge of the steam boiler plants. He was 
orn in October, 1875, and graduated from the University 
of Arts and Sciences in 1898, following which he was 
connected with the Standard Steel Company, at Burnhan, 
Pa. From July 1, 1889, to May 1, 1914, he was asso- 
ciated with A. C. Wood, a consulting engineer. 


Sydney ©. Swenson 


The engineering offices of Putnam A. Bates, 2 Rector 
street, New York, announce that Sydney O. Swenson 
became a member of that firm on March 15. 

Mr. Swenson was electrical engineer of the Kansas 
City Terminal Railway Company for the past four years, 
having charge of all electrical work pertaining to the 
new Union Station and terminal facilities. From August, 
1907, to July, 1911, Mr. Swenson was assistant electrical 
engineer of the Detroit River Tunnel Company, and was 
engaged on all engineering work in connection with the 
electrification of the Michigan Central Railroad at De- 
troit, Michigan and Windsor, Ontario. Previous to join- 
ing the Detroit River Tunnef Company Mr. Swenson was 
with the New York Central and Hudson River Railroad 
Company for two and one-half years on the electrification 
of the New York Central at New York. From June, 


1899, to March, 1905, Mr. Swenson was in the engineer- 


ing department of the Commonwealth Edison Company, 
Chicago, and was engaged on general engineering work 
in connection with the expansion of this large public 
utility company. Mr. Swenson was educated in grammar 
and manual training schools at Chicago, and was gradu- 
ated from the Electrical Engineering Course, University 
of Illinois, in 1899. 


W. A. Stockbridge 


On April 1, W. A. Stockbridge was appointed electrical 
engineer of the Pennsylvania Lines West, with head- 
quarters at Pittsburgh, Pa., in the office of the general 
superintendent of motive power. ; 

Mr. Stockbridge was born in°1885 at Fort Wayne, Ind., 
where he attended the grade schools, graduating from the 
high school in 1906. In September of the same year he 
entered Purdue University at Lafayette, Ind., and in the 
spring of 1910 graduated from the course in electrical 
engineering. He spent his summer vacations in the 
maintenance of way department of the Pennsylvania and 
in the meter testing department of the Fort Wayne Elec- 
tric Works. — 

In June, 1910, Mr. Stockbridge entered the service of 
the Pennsylvania Company at Fort Wayne as a special 
apprentice, and upon completing his course in January, 
1913, was made motive power inspector in charge of car 
lighting to assist the electrical engineer. In June, 1915, 
he was made electrical engineer of the Northwest system 
with headquarters at Fort Wayne, which position he held 
until he was transferred to the office of the general super- 
intendent of motive power, Pennsylvania Lines West of 
Pittsburgh, as above noted. 
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A Home-Made Electric Soldering Iron 


The illustration shows a home-made electric solder- 
ing iron that will give satisfactory results when used 
on a 32-volt battery circuit. 

This electric soldering iron is made as follows: Take 
an ordinary soldering iron and wrap it with sheet mica. 
As the mica is very brittle it should be tied in place until 
the wire is wound around it; next a coil of from 10 to 12 
ohms of number 18 or number 20 German silver wire is 
wound around the mica. The number 18 German silver 


Coil of No./8 German Silver Wire 
Sheet Asbestos 
Outside Covering of Tin or Copper 


‘wire is recommended as this wire, being heavier, will not 
burn out so quickly as will number 20. The terminals of 
the German silver wire are connected to either lamp cord 
‘or some asbestos covered cord which is taken through 
the handle and connected to an extension plug. The wire 
coil is covered with sheet asbestos to hold the heat and 
over all is wrapped a piece of tin, or thin sheet copper, 
as a protection for the asbestos. This iron will give per- 
fect results and heats in a very short time and consumes 
but little current. It can, of course, be applied to any 
15-ampere circuit in the car. The writer has used one 
of these electric soldering irons for all kinds of work and 
he finds it equal to any soldering iron now on the mar- 
ket. 
Henry K. BoHLEN, 
Pullman Company, Charleston, S. C. 


Galvanometer Design 


Galvanometers are instruments for the detection or 
measurement of small electric currents or small voltages 
and are much used in various kinds of electrical testing. 
The user of such an instrument is concerned with its 
sensitivity either to current or to voltages, its period, 
etc.; that is, he is concerned with its performance or 
operation constants. These necessarily depend upon the 
intrinsic or construction constants, which in turn depend 
upon the size, shape, kind of material, etc., of which the 

_ parts are made. 

The relations between these two sets of constants are 
of interest to both the user and the maker of galvano- 
meters. They are, however, of more importance to the 
maker, since they may be made to serve as a basis for 
predetermining values for the intrinsic constants such 
as will give previously selected or specified values for 
the operation constants. In other words, the relations 
in question will tell him what values: the construction 
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constants must have in order that the galvanometer may 
meet definite performance specifications. 

These matters are discussed and illustrated by con- 
crete examples in a paper just published by the Bureau 
of Standards, Department of Commerce. Copies of the 
paper, Scientific Paper No. 273, may be had on request 
addressed to the Director, Bureau of Standards, Wash- 
ineton, D.C: 


The Technical Journal as a Catalytic 


In chemistry, a catalytic is an agent that brings about 
a change in a compound while itself remaining un- 
changed. ‘Thus cane-sugar and water are changed into 
glucose by the action of sulphuric acid, which is itself 
unchanged and ready to perform a similar function in- 
definitely. The mere presence of such an extra substance 
accelerates chemical change as may be seen by putting a 
piece of platinum into a mixture of hydrogen and oxygen 
to form water, or by adding manganese dioxide to heated 
potassium chlorate to liberate oxygen. A minute amount 
of material, which adds little or no energy to the reaction, 
is thus able to bring about tremendous changes. 

Such, modestly speaking, is the function of a technical 
paper. It is the agent whereby men’s thoughts are. 
brought into contact and allowed to react upon each 
other. It is a means to the end of hastening industrial 
advance. 

In order to effectively fulfill this contactor function 
the journal should be freely furnished with the ideas of 
the men in the industry. They should regard the journal 
as employed by them to bring about necessary changes 
in the business, to stimulate reaction and accelerate 
progress. 

No matter what the difficulty—whether technical in na- 
ture and involving unprecedented construction, whether 
commercial in character and calling for new sales meth- 
ods, or whether of a sociological kind and tending toward 
the establishment of better public relations—it can be 
best met by an exchange of experiences. Mouth—mouth 
exchange of experience is as limited in scope and ineff- 
cient in action as would be dependence upon gold or silver 
coin as a medium of financial exchange. Just as credit 
has replaced coin and the clearing-house the individual 
bank, so the technical journal is available as an active 
clearing-house of experience. 

No editorial staff can be everywhere simultaneously, 
know everything instinctively and see everything at once. 
The reader’s assistance is needed. The ideal technical 
journal is one where every reader is a contributor. If 
every subscriber sent in the news of his job every other 
subscriber would be benefited. The perfect journal is 
one in which a reciprocal relation exists between the sub- 
scriber and the paper. In order that a magazine may be 
the voice of an industry the reader should be the eye and 
ear. . 
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In this respect, the technical journal is a quasi-public 
utility. Its private ownership is as incidental to the 
public service as is the private ownership of an electric 
power company. Experience has demonstrated that such 
matters can be more effectively conducted by private 
initiative supplemented by public participation. There 
is no other means which so adequately and promptly 
fulfills the requirements for disseminating information as 
the technical journal. 

The editor’s duty is to serve the industry which his 
paper represents. No matter how strong his imagina- 
tion and how great his ability in thinking of different 
ways of helping people, he is in a large measure depend- 
ent upon the subscriber’s assistance. 

So, respected reader, we make an earnest plea for your 
more active participation in the benefits which this jour- 
nal is capable of conferring upon you. Have you found 
a better method of cost accounting? Send it to the edi- 
tor. Are you using a new kink in construction or opera- 
tion? Share it with others. Is there some question 
about which you are in doubt? Ask the opinion of those 
who have already solved it. Have you done something 
of which you are proud? Let others know of it. Any 
article, however brief, is welcome if it helps the reader. 

A journal is like an association in that the reader gets 
out of it directly as he contributes to it. The essence of 
mutual benefit is in reciprocal use. Use the journal as a 
relay for your ideas, as a clearing-house for your experi- 
ences and as a catalyzer of your thoughts. We are then 
most truly at and in your service—Journal of Electricity 
Power and Gas. 


Tentative Rules for Overhead Electrical Construction 
in Illinois 

The State Public Utilities Commission of Illinois has 
sent out a pamphlet on this subject which is accompanied 
by the following letter from R. V. Trather, secretary of 
the commission, Springfield, IIl.: 

“On May 16, 1916, the State Public Utilities Commis- 
sion of Illinois, will hold a hearing at 9 a. m. in Spring- 
field, for the purpose of ascertaining the views of all in- 
terested parties (particularly electric, telephone and tele- 
graph utilities and carriers) relative to the attendant set 
of tentative rules governing overhead electrical construc- 
tion in the State of Illinois. Those interested are invited 
to attend. 

“The Commission solicits written comment and criti- 
cism regarding subject matter, language, arrangements, 
requirements and completeness of the rules.” 


The Standard Underground Cable Co. 


The Standard Underground Cable Company announces 
the following changes in the locations of several of its 
branch offices: 

The Chicago office is now located in the Conway Build- 
ing, having on May 1 moved from The Rookery, where 
it was located for many years. The Detroit office has 
moved from the Free Press Building to the Whitney 
Building. A new office will shortly be opened in Minne- 
apolis, Minn., in charge of W. J. Weld. 

The Portland, Ore., office has been discontinued and 
a new office opened in the Newhouse Building, Salt Lake 
City, Utah, in charge of F. W. Wilson. 
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Electrification in Montreal 

The Harbor Commission of the City of Montreal, 
Canada, in their report for the year ending December 31, 
1915, describe a system for the proposed electrification 
of the railways under their control. These railways, 
which comprise 45 miles of track, serve the docks and 
other water front property. The main object of the elec- 
trification will be to overcome the smoke nuisance, but 
in addition, the Commission has decided that the electri- 
fication will have the following advantage over steam 
operation: Economy in operation and maintenance, 
flexibility of control, availability for immediate service, 
fewer units required for the same service, reduced fire 
hazard, lower stand-by losses and the elimination of 
corrosion of steel and galvanized iron by the acid gases 
from the locomotive smoke. 

W. G. Ross, who was formerly managing director of 
the Montreal tramways and later president of the Quebec 
Electric Railway, is president of the Montreal Harbor 
Commission, which will be in charge of the above de- 
scribed electrification. 


New Turbo-Generators for the C. & N. W. 


The Chicago & North Western Railway has purchased 
from the Westinghouse Electric & Manufacturing Com- 
pany of East Pittsburgh, Pa., two 1500-kw. turbo-genera- 
tor units, complete with condensers, one 500-kw. turbo 
generator unit with condensers, and one 50-kw. turbo 
generator. 

This equipment is to be installed in the Calumet Ter- 
minal of the Chicago & North Western Railway at Chi- 
cago, Ill, and is to be used in operating one of the 
largest grain elevators in the world. 


The U. S. Light and Heat Corporation 


On May first the New York office of the U. S. Light 
& Heat Corporation was removed to the 42nd Street 
Building, 30 East 42nd Street, from 16 West 61st Street. 

The new location is readily accessible to all parts of 
the city, and will greatly facilitate the conduct of the 
U. S. Light & Heat Corporation car lighting business. 

Mr. E. F. Oates, as manager, is in charge of the New 
York office. 


The Electric Storage Battery Company 


On April 1, the Electric Storage Battery Company, 
Philadelphia, Pa., moved its St. Louis office from the 
Fullerton building to larger quarters at 1508 Federal 
Reserve Bank building. 


New Offices for the Consolidated Company 


The Consolidated Railway Electric Lighting & Equip- 
ment Company announce that the main offices of the 
company have been moved from 11 Pine Street to the 
Adams Building at 61 Broadway, New York. 


The S. K. F. Ball Bearing Company 


The S. K. F. Ball Bearing Company announce that after 
April 20 the main office of the company will be located 
at Hartford, Conn. The company will, however, retain 
a small district office at 50 Church street, New York, 
where the general offices were formerly located. 
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Belt Life With Body Hung Axle 
Generators 


The effect on belt life of the body suspended axle 
generator which is now coming into universal use is a 
question of intense interest to all railway electrical en- 
gineers who are using or who are contemplating the use 
of this kind of suspension. 

The two standard methods of driving body-suspended 
generators are the one employed by all American manu- 
facturers, in which the belt tension is maintained by a 
spring to such a value as to cause the machine to accu- 
rately follow all variations in train speed, and the one 
employed by the manufacturers of the Stone equipments, 
where the belt is allowed to slip over the axle pulley 
after a predetermined speed has been reached, at which 
time a predetermined output is being delivered. 

As far as the belt is concerned both systems have their 
advantages. In the system first mentioned the initial 
tension of the belt is high, but, on the other hand, 
does not normally slip over the pulley face for which 
reason it would seem that the actual wearing effect on 
the belt would be less; in the second system where the 
belt is allowed to slip the initial belt tension is not nearly 
as high so that the internal strains in the belt are no 
doubt, at a minimum, which fact should at least com- 
pensate for the wearing action on the face of the belt 
due to its slipping over the pulley face. 

As in all matters of this kind it is difficult to arrive 
at a correct comparison by simply theorizing, it being 
necessary, in the final analysis, to depend on actual ex- 
perience based on results in service. In this connection 
an article appearing elsewhere in this issue by E. S. M. 
Macnab, describing some belt tests on the Canadian 
Pacific made on machines driven by both the methods 
described above should be of interest. We cannot say 
that the results of these tests form a basis for a fair 
comparison between the two methods of driving body- 
suspended axle generators as they were not made for 
that purpose, being made rather to determine which 
make and construction of belt was best adapted to the 
service in question. On the other hand, it seems that 
the favorable showing of the belt used with the gen- 
erators controlled by the slipping belt method nullifies 
the natural and popular belief that such an unethical 
method of control must be excessively hard on the belt. 

The mileage obtained with belts used with the free 
speed machines, where the belt tension is controlled with 
springs, is also exceptionally good. The average life 
for such belts being in this case about 60,000 miles. If 
we can take these tests as an indication of how the body- 
suspended machines are going to treat their belts we 
surely have little cause for worry 


Passenger Car Illumination 


The day is past when the design of a lighting system 
for passenger cars can be taken care of by drawing in 
a few circuits and fixtures with a good-enough-let-it- 
go-at-that. Car lighting and car illumination has become 
an art, and is more and more being considered as such. 
Today plans for the lighting installation are made with 
as much care and forethought as are plans for the car 
itself, the object being always to provide an installation 
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that will give the correct illumination for the service 
intended under all conditions, that will have the lowest 
first cost compatible with high efficiency and pleasing 
appearance and that will insure a minimum cost for 
maintenance. 

On considering the amount of illumination to be ob- 
tained in certain places in the car it is not enough to 
simply plan on providing a certain number of foot 
candles,—the quality, diffusion and distribution of the 
light must be given their share of attention. Probably 
the greatest evil of the older systems of car illumination 
aside from the general low illumination value was the 
glaring effect of the unshaded lamp filament and the im- 
proper location of light units in the field of vision. In 
some cases the opposite effect was reached by locating all 
lighting units entirely out of the field of vision, thus 
causing a cold and depressing effect. 

The best interests of economy are generally fulfilled 
by employing as few fixtures as possible, the best prac- 
tice probably being to locate single light fixtures down 
the center of the car body which not only means low 
first cost but also provides that the maintenance cost for 
lamp renewals, reflector breakage, and reflector clean- 
ing, etc., will be a minimum. The illumination with 
such a system, as proven by many tests, is practically 
as good as can be obtained with any other system. 

An interesting description of a new system for light- 
ing Pullman cars appears on another page of this issue. 
The installation should be of special interest as the new 
100-watt Mazda C lamps are employed. 


The Illuminating Engineering 
Lecture Course 


During the week September 21 to 28, 1916, the Illum- 
inating Engineering Society in co-operation with the 
University of Pennsylvania will give a course of lectures 
on illuminating engineering at ae Engineering building, 
University of Pennsylvania, Philadelphia. 

These lectures will be similar in many respects to the 
course given by the same society in co-operation with 
Johns Hopkins University in 1910. The scope of the 
new course is intended to be somewhat different from 
that of the first course which dealt primarily with the 
principles of the art and their applications; the present 
course is intended primarily as a course of study based 
on the practical application of these principles to the 
work of illuminating engineering as carried on today 
.by the latest methods with the most recent equipment. 

The nineteen or twenty lectures to be given cover the 
following subjects of especial interest to railway elec- 
trical engineers: 

1. Principles of interior illumination. 
2. Principles of exterior illumination. 
5 


Recent developments in electric lighting appli- 
ances. 
4. Modern lighting accessories. 
5. The lighting of factory, mills and shops. 
6. Train lighting. 
7. Street lighting. 
8. The lighting of yards, docks and other outside 


work. 
9. Headlights, searchlights and projectors. 
Other lectures on color in lighting, the lighting of 
offices, stores and show-w now: schools, auditorium, 
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and libraries, the lighting of the home and building ex- | 
teriors, expositions and pageant lighting should be of | 


general interest. 
In connection with the lectures will be an exposition 
at the University of Pennsylvania of the latest develop- 


| 
| 


ments in illuminating appliances, including lamp photom-__ 


eter together with novel lighting installations and ap- 
plications which should be of great educational value. 
An inspection tour is also being arranged to be included 
with the lecture course which is expected to be of par- 
ticular interest and value for those who come from a 
distance; it will include a visit to a manufacturing estab- 
lishment, laboratories and other points of technical inter- 
est in Philadelphia. 

The nominal tuition fee of twenty-five dollars will be 
charged for admission to all lectures and functions asso- 
ciated with the lecture course, the money to be collected 
in this way to be used entirely for the expenses incurred. 
Each ticket to the lecture course will, in addition to the 
above, entitle each holder to a partial or entire reprint 
of the 1910 lectures together with reprints of the new 
lectures. 

This is an opportunity that should not be missed by 
the electrical engineers of the railroads in view of the 
large amount of varied illumination work that comes 
under their direction. 


Letters to the Kditor 


Should Trolley Poles Be Set 
With a Rake? 


SauLt & STE. Marig,, Mich. 
TGO°*THE EDITOR: 

It is a well-known fact that many roads who are using 
electrical energy for motive power are building their 
overhead lines by setting the poles with a certain rake, 
from six inches to two feet. 

It seems to me that a line constructed with poles set 
with a rake gives a very poor impression. Such a line 
even if new, always has the appearance of being thirty 
or more years old. 

I saw the first line built with poles set with a rake in 
London, England, on a street railway line. These poles 
were all of good manufacture and were made of cast 
steel with cast iron bases. The rake was about six inches 
and the poles were set without guy-wires. A line built 
like that, however, makes a very bad impression and 
spoils the appearance of the street. 

Now referring to the article on the Chicago, Milwaukee 
& St. Paul electrification, in the May issue of the Railway 
Electrical Engineer; Fig. 2, on page 345, shows guyed 
poles set with a rake. Therefore, I would like to ask 
some of the readers who have had more experience in 
pole setting what advantage is to be gained by setting 
poles with a rake, and if a guyed pole set with a rake 
will stand more load under ordinary conditions than a 
guyed but straight set pole. 

It seems that it would be better if the designing engi- 
neer, when designing a pole line for a certain load, would 
set the poles straight, because of the better impression 
that this type of construction would make on the travel- 
ing public. 

J. G. Kopret. 
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Yuural 


Semi-Annual Convention 


A. R. 


Reports of 


Meeting will be called to order at 9:30 A. M., 
at the Hotel Denis, Atlantic City. 


The Order of Business 


Consideration of Minutes of Last Meeting. 

Address of President. 

Report of Secretary-Treasurer. 

Unfinished Business. 

New Business. 

Report of Standing Committees. 

Report of Special Committees. 

Paper on Maintenance of Storage Batteries by 
Ernest Lunn, Pullman Co. 

Paper on Method of Cost Keeping for Railway Shop 
mower Plants by Mr. HE. Wanamaker, C. R.1.& P. R. R. 

Miscellaneous Business. 

Adjournment. 


June 16, 


Mr. 


Hilumination 

The work undertaken by your committee for this year 
has been divided into two. subjects with sub-committees 
appointed to handle each: 

First—Sub-committee “A” which will carry on fur- 
ther investigation of subject of lighting of railroad yards 
with the presentation of recommendations as to proper 
methods to secure adequate illumination of railway clas- 
sification yards. 

Second—Sub-committee “B” which will handle the 
changes in the rating of train lighting lamps and revision 
of incandescent lamp specifications. 

With reference to revision of lamp specifications the 
executive committee has assigned to the illumination 
committee as part of its regular duties the work of mak- 
ing such revisions in lamp specifications as necessary 
each year in order to keep them up to date. 

~Sub-committee “A” has completed its investigation ot 
the subject of yard lighting and at annual meeting re- 
port will be presented covering definite recommendations 
relative to adequate and proper illumination of railroad 
classification yards. 

Sub-committee “B” has completed investigation of 
questions of changes in the rating of train lighting lamps 
and in this connection desires to submit the following 
report: 


Sub-Committee om Rating of 
Train Lighting Lamps 


It was recommended last year that all improvement in 
train lighting lamps should be allowed to go into in- 
creased candle power until an efficiency of approximately 
one watt per candle was reached, when the rating should 
be changed to a spherical candle-power basis and further 
improvements allowed to go into decreased wattage. The 
possibility of introducing the gas-filled lamp into this 
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service at an early date makes it necessary to give this 
subject immediate attention. 

A survey was conducted to determine whether the rail- 
roads are prepared to accept a change of this kind. The 
secretary addressed a circular letter to the principal rail- 
roads and the replies, together with the questions asked, 
are as follows: 


(1) Do you favor changing the rate of train lighting 
lamps from a mean horizontal to a mean spherical basis? 


In favor—Unqualified .-........ 8,551 
Oualined yrs Bel wile.) 33 

Ota be sett eae tcat sc? 8,584 
In opposition—Unqualified ...... 69 
Qualified 690 

Pe ae ae 759 

OPAL SEALS NOUN a eel tpeais ace. «ats 9,343 


(2) Do you object to the 
incidental to this change ? 


slight increase in wattage 


In tavot—-Uitigtialifiedk sign on ob ole 8,595 
In opposition—Unqualified ............. 1,085 
iLOCAWeCaT ee VOtIMe thw ce cai eee owe ee 9,670 


(3) Do you favor the use of the gas- 
increase in initial cost? 


filled lamp at an 


In favor—Unqualified .......... Se Me 
OL CPA | een 3,605 
Lota became 6,802 
In opposition—Unqualified ...... 1,783 
sHOta lGAteme Olin. iin ada Bu, cn datas beat 8,985 


(4) Do you have any demand for a 20 M. S. C. P. 
lamp in the 25-34-volt range? This lamp cannot be fur- 
nished in the 57-65-volt range. 


In favor—Unqualified .......... 932 
@ialified mee. a 586 
A OLA we 2 rene arte 1,518 
In opposition—Unqualified ...... 7279 
Lota carceavoting: bs. Seis Seon it 9,497 
The present train lighting schedule is as follows: 
Size Bulb Mean Mean 
of designation mor. G- pe Spher. C. P. Lumens 
amp S ys «r ok — 
in Straight Watts Watts Per 
watts side Round Total per Total per Total watt 
VO + S-49 G87, 8.55 17 66778 F150 $4.8 18.38 
CeCe se yy ero eee Te kr ee 
2007 “Si7, | C087, sisiek 10) “Fagt tar izes | | gc9t 
IS S19, 2 Gey eee PaO IS ed Ai 2098 B81 
40° 4 S-19. G-36 40:00. 1.00! (31.202 1.28 3971 9.80 
Le ieee G-30 78.95 95 64.74 1.16 813.5 10.85 


It is the general consensus of opinion that while it is 
desirable to change the rating of these lamps to a spher- 
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ical basis, no changes in efficiency should be made which 
will necessitate changes in manufacturing processes. It 
is also deemed wise to fix inspection limits in terms of 
lumens rather than mean spherical candle power. The 
acceptance of these two proposals requires that the ac- 
tual light value of each lamp shall be fixed in lumens 
while the rated size, or name under which the lamp 1s 
purchased, shall be given in spherical candle power 
values. The proposed immediate change is as follows: 


Size of lamp Lumens Mean Spher. C. P. 
A. A Oe 


= total 


(a ae la = 
In watts In m.s.c.p. Total Per w Ps Total Watts per watts 
10 7 85 8.38 6.76 1.50 LOM 
15 10 130 8.75 10.35 1.44 14.9 
20 15 180 8.91 14.32 1.41 20.2 
25 20 220 8.01 EKO) 1.41 24.7 
40 40 390 9.80: 31.03 1.28 40.8 
75 65 815 10.85 64.85 1.16 Cheek 


These values are so close to present values that no 
changes in manufacturing processes are necessary. The 
introduction of the gas-filled lamp will make it neces- 
sary to extend this schedule and at the same time to re- 
arrange some of the present values. The following 
schedules are proposed in this connection: 

25-34 Vortt Rance 


Size of Lumens Mean Spher. C.P. Actual Bulb Length Light 
lamp in -— total desig- over all. center 
m.s.c.p. Total Per w att Total Watts per watts nation Inches length 
7 85 S-17 GWyS -  agaanan 
10 125 Sarees aga —onbloscs  volnoaac 
15 175 seo se tayslash gc detelctcheleren Mraktuere eters 
20 250 Nisa Gedo styoic eae cto. | Mop Orde eyo 5.06 
40 500 12507 39.79 1.00 39.8 PS-20 34%to4 5to5% 
80 1,009 14.80 79.58 .85 67.6 PS-22 4 5/16 YY 
120 1,590 14.80 119.36 85 101.3 PS-25 5 3/16 7% 
57-65 Vott RANGE 
Size of Lumens Mean Spher.C.P. Actual Bulb Length Light 
lamp in -—— A~A-—— total desig- overall. center 
m.s.c.p. Total Per watt Total Watts per watts nation Inches. length 
85 Sheers steers agsiane S-1 CT ee ee 
10 125 S-17 ASG See ceavomnntons 
15 175 S-17 BG Wategsrayeitels 
20 250 Abere Reider Baie ee RRO, OO ERO 
40 500 10.90 39.79 115 45.9 PS-20 3%to4 5to5y% 
80 1,006 13.20 79.58 95 Uso, ARS Ee 4 5/16 6% 
120 1,500 13.20 119.36 95 S26 PS-25 bolo 7% 


It is expected that all lamps in the 25-34 volt range, 
except the 7 candle power, will eventually be furnished 
in the gas-filled type. In the 57-65 volt range all but 
the 7.10 and 15 candle power lamps will probably be fur- 
nished in the gas-filled type. It is suggested that when 
a gas-filled lamp is available in the 25-34 volt range and 
not in the 57-65 volt range, the corresponding vacuum 
lamp in 57-65 volt range will at that time be changed 
in construction to give the total lumens specified above. 
There is practically no demand for the present 75-watt 
lamp and the demand for the proposed 80 candle power 
lamp will also probably be very limited. For this rea- 
son it is proposed to drop these lamps from the published 
schedules with the understanding that the manufactur- 
ers will hold themselves ready at all times to furnish the 
80 candle power gas-filled lamp in case any railroad de- 
sires to use it. If the demand for it increases it can be 
placed in the schedule at any time. 

Respectfully submitted. 

LS). BILLAG,. bai OF RR. .chairinan 
Jos. A. AnpREuceET?1, C. & N. W. Ry. 
) <L- Minick, Penn RER. 


TEs GARDNER, (Pera) a reek 
Fie. .MeLov. “NAY GGRe® Rs 
G., O. Moores, By & ©. Ry R: 


Doe ie SLOAN ATL Chie raha 

C. W. Benper, National Electric Lamp Assn. 
L. C. Doane, .Regent-Ivanhoe Works. 

W. 4H. Rowson, Westinghouse Lamp Co. 
H. SCHROEDER, ee Electric). Co; 

L. C. Porter, General Electric Co. 
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Shop Practice 


Sub-Committee on Compressed 
Air and Its Application 


Test of Air Pipe 
Tests are being made on compressed air piping systems 
in various shops to find the amount of leakage obtained 
in actual practice, and to determine the extent that this 
leakage can be cut down when the piping system is given 
careful supervision. 


Distributing Systems 
The committee is planning to work up a diagrammatic 
plan, showing a sample air piping system for a railroad 
shop, also showing a case where two or more electric 
driven air compressors can be operated to advantage in 
preference to one larger compressor. 


Shop Tools 
The Committee is taking it up with various manufac- 
turers of electric and pneumatic shop tools with the idea 
of working up a list of such tools, showing relative ad- 
vantage and disadvantage of electric and pneumatic tools 
of the various types. 
Respectfully submitted. 

J. E. Garpner, C. B. & Q. R. R., Chairman, 

Tah ebucks, Oe aie 

T. F. Fottz, Washington Term. Co. 

L. M. Gazin, Santa Fe R:. Ri 

H.C. Metoyv, Ney: Coker 

R. M.. Pacwary, C..Ralt & BAR 


Sub-Committee on Electric 
Welding 


Your committee has been unable to get a full committee 
meeting or an expression from all the members yet on this 
sub-committee. The substance on the report which we 
have in mind is as follows: 


Basic Principles of Arc Welding 

Visible arc. 
Electrode. 
Polarity for welding. 
Thevenerey. 
(a) Density. 
(b) Comparative data of arc and other heat pro- 

ducers. 
Elementary Metalogy of Arc Welding Process 
1. What happens to steel when it is melted and cooled. 
2. The effect of the arc on the metal filled into the weld. 
Application of Arc Welding in Railroad Shops 
Filling in operation (practical points). 
Straight welding operations (practical points). 
Relative cost data. 
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Arc Welding Equipment 
1. Capacity required. 
2. Different types in use. 
(a‘), Portable: 
(b) Stationary. 
The probable direction of development of application 
process and design of equipment. 
Protective shields (necessity of same). 
Shop organization as to selection of competent or expert 
welder in charge to instruct operators. 


June, 1916 


Standardization of Operation 
1. Length of time, different operations. 
2. Amount of current consumed on different operations. 
3. Kinds of electrodes to be used. 

In our opinion, this will cover the entire field of elec- 
tric arc welding. We have not considered spot welding, as 
we have been unable to find out whether this would be 
used to any great advantage in a railroad shop. However, 
if the committee as a whole considers it advisable that we 
should investigate spot welding, in this year’s report, we 
can do so. 


We presume that in your progress report for the semi- 
annual convention, you are inviting further suggestions 
from the members so as to be able to cover the field to 
the satisfaction of all members. 

Respectfully submitted. 
Pim VELOVe ING. CG. Ro Ro. 
Secretary, Sub-Committee. 
Se Loonies, tO. (nak, 
Pete VWiItsONs WU. Fo RoR: 
Ropert KinKEApD, Lincoln Electric Co. 


Sub-Committee om Maintemance 
and JRepairs 


Work has been taken up relative to the maintenance 
and repairs of direct current equipment. This work will 
not be confined directly to maintenance and repairs, how- 
ever, but will speak of the best application methods that 
can be made with the different classes of direct current 
motors, as, for example, the series wound motor is best 
adapted for hoisting purposes, the shunt wound for 
steady speed, etc., stating what kinds of machinery 
throughout the railroad shops would be equipped with 
the different types. 

Work has also been started along the same lines with 
alternating current equipment and comparative costs of 
different methods will-be mentioned as well as compara- 
tive costs of group and individual driven machinery. 

The maintenance, repairs, costs, etc., of illuminating 
with different lighting systems has also been taken up 
and fully covered in an illustrated manner. 

All of the work on the following has been completed: 
Under the head of turntables and motors the question of 
sizes to be used is covered, actual test data has been taken 
in the field showing the amount of current required for 
the larger tables and the size of motors in H.P. required 
to operate them; also recommendations as to the types of 
motors to be used on tables, using the theory that the 
turntable requires a motor with a high starting torque 
more than one of high efficiency. Under this same head 
it has been our endeavor to fully cover the repairs that 
have been necessary with the high resistance slip ring 
motor to bring it up to a standard where it can be de- 
pended on for service and to also give in detail in an 
illustrated manner the changes necessary and experiences 
with the underground contactor system. It is our opin- 
ion and recommendation that this can be standardized 
after the next annual convention. 

The subject of lubrication has been discussed to some 
extent, including the factors of velocity of shafting, 
weights, composition of bearing metals and viscosity of 
the lubricant, and in a limited way the kinds of oils and 
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greases which are best for machinery of different speeds 
having a rotating element of a certain weight. 

The maintenance of the electrical equipment connected 
with the Gas Electric Car has now entered the field of 
the railroads and it has been our intention to speak of 
the different parts of these cars that have caused trouble 
and to give suggestions for remedying these troubles, 
thereby lessening the maintenance costs. 

The electrical driven air compressor is discussed in a 
limited way also, including parts and times for the in- 
spection in order to keep the electrical as well as the me- 
chanical parts in first-class order. 

The manner of handling complaints of excessive meter 
bills and testing of outside public service companies’ me- 
ters in a manner that will not cause any friction, or will 
not take much time of one man, is taken up in detail, as 
we consider that from this one source a great saving in 
money can often be saved for the railroads as well as 
keeping the railroads’ meters in first-class order, should 
they be the ones who are selling power. 

These several different subjects mentioned conclude the 
work to be presented at the next convention, if they meet 
the approval of the association. 

Respectfully submitted, 


(ee eV VieKotAN..| Cy Ro RY chairman 
Heetiaroowarpe Re ltée iP. RoR: 
ate RIGEUE wipes OR: Re 

Joe WICK EREE, 1.-C. RoR. 


Antick riction Bearings 
for Motor iKquipment 


Your committee held a meeting on March 24, in Room 
856, Transportation Building, Chicago. The following 
members were present: 

Gulk, (ailiman, GaMs& St-P. Rye. Co Meloy, No Y. 
ik hee ee ee antelly sr aeiNanyWer Rye. Jo hiCE ree, 
1 CHO SRe a eeVidtamaker, (un velrie ee hye WC): 
DoudWG. bs Chieseo lll. «WA, Hancock) C, omG. Ry.; 
all of the Association’s representatives. 

The following Manufacturers’ representatives were 
present: 

F. S. Hickok, Ridgeway Dynamo and Engine Co.; 
R. M. Gaston, of the George P. Nichols & Bros., Chi- 
cago tn ak Bell vorrthe Nora: Co; New \York*City; 
J. G. Cooley, of the Standard Roller Bearing Co., Phila- 
delphia; A. E. Garland, Fairbanks-Morse Co., Chicago; 
M. QO. Southworth, of the Fairbanks-Morse Co., Chi- 
cave; Fraser Jeffery, of the Als-Chalmers Co.; B. F. 
Bilsland, General Electric Co.; Mr. C. H. Roth, Roth 
Bros. & Co., representing the Electric Power Club; W. L. 
Batt, Hess-Bright Manufacturing Co.; Edward Wray, 
of the Railway Electrical Engineers; Joe Andreucetti 
and C. J. Causland, as chairman. 

Considerable discussion took place on the subject of 
ANTI-FRICTION BEARINGS and of the thirty- 
three of the manufacturers notified to attend the meet- 
ing, twenty-three reported as favorably impressed with 
the question of adopting the standard ball and roller 
bearing sizes for motor equipment; the remaining ten 
referred to the Electric Power Club for consideration. 

Mr. Wray, of the Railway Electrical Engineer, moved 
that the Electric Power Club be requested by our secre- 
tary to appoint a committee to confer with this commit- 
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tee and also with representatives of all ball and roller 
bearing manufacturers to investigate the subject of the 
use of ball and roller bearing for electric motors tor 
railway service, with a view to standardizing on sizes of 
all ball and roller bearings to accommodate the various 
sizes of motors at the various speeds. The motion was 
seconded by H. C. Meloy and carried by vote. 

On date of April 3 our secretary appointed the follow- 
ing members of the Ball Bearing Manufacturers to es- 
tablish a committee on the question of the Ball or Roll- 
er Bearing for Motor Equipment: 

Mr. W. L. Batt, Hess-Bright Manufacturing Co.; 
Walther Noeim, of the Norma Co. of America; J. G. 
Cooley, of the Standard Roller Bearing Co.; H. H. Gild- 
ner, of the S. K. F. Ball Bearing Company; Mr. D. 
Davis, of the Fafnir Bearing Co., Chicago. 

The committee representing ball bearing companies, 
held a meeting on April 13, in Philadelphia, and sug- 
gested that nothing could be definitely decided on the 
size of ball bearings until the Standardization Committee 
‘of the Electric Power Club came to some definite under- 
standing on shaft sizes and housing fits. 

On May 1e2 and. oul Vi) -BuckwaltempPenns Raskes iis 
C. Meloy, N. Y. C., and Edward Wray, Railway Elec- 
trical Engineer, representing the Committee on Stand- 
ard Ball or Roller Bearings for the Association of 
Railway Electrical Engineers at Hot Springs, Va., 
were notified to attend the meeting of the Standardiza- 
tion Committee of the Electric Power Club and were 
given the opportunity of explaining the matter on which 
standards are desired. 

Nothing further has been done, and the commitee is 
waiting for a call from the Standardization Committee of 
the Electric Power Club to co-operate on this question. 

Cy]. CAUSLAND, Penn. Ry Re ochairmarm 
@ > RE Gia ANe CriiVie Gr St eee ye 
HiGs Mercer Nea Ce hooks 

Wa |e PARSE, Cae: VW R ys 
WCE RE alo Oe ra Re 

BE Wanamaker. Co RU IMGoPr RI eR: 
We On Donny el Chicacoe lik 

Ibe Gazine As Toc Sabre Ry 

AR See We Cee ine ties 

Wir Hancock Ce of: GrRy, 
Epwarp Wray, Ry. Elec. Eng. 


Crane, Turntable and 
Transfer Table Motors 


The committee held meetings on February 12 and 
March 24. It was decided that the first thing to consider 
was taking up with the different motor manufacturers 
the question of construction along the following lines: 

1. Motor rating: Standard motor speed of 600, 750 
and 900 R.P.M., corresponding to full load spéed of 1.C; 
motors, and synchronous speed for A.C. motors, except 
in case of the 750 R.P.M., 60 cycle, A.C. motor. For 
A.C. motors in intermittent service, we suggest 1,200 
R.P.M., but not for general use. 

2. Temperature rating on a basis of 50 degrees Centi- 
grade rise by the thermometer method for open type mo- 
tors, and 50 degrees rise for enclosed type motors on a 
one-half hour run at full load. 

3. Torque rating on starting should be from 7 to 10 
times the full load torque. 
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4+. Standard dimensions for D.C. motors on— 

(a) Height of shaft above motor base, 

(b) Bolt hole dimension and spacing in four di- 
rections, 

(c)Shaft diameter and shaft extension outside of 
the bearing, 

(d) Keys and keyways. 

Standard dimensions for D.C. motors on— 

(a) Height of shaft above motor base, 

(b) Bolt hole dimension and spacing in four di- 
rections, 

(c) Shaft diameter and shaft extension outside of 
the bearing, 

(d) Keys and keyways. 


in 


6. Standard sizes of anti-friction bearings for vari- 
ous sizes of motors used on traveling cranes. We sug- 
gest that this standardization be established by collabora- 
tion with the motor bearing committee of the Association 
of Railway Electrical Engineers. 

The association invites the co-operation of the Electric 
Power Club in bringing about these standards. 

The sub-committee appointed to take this question up 
with the Power Club representing different manufactur- 
ers at their meeting held at Hot Springs, May 1 and 2, 
report that the Power Club representatives seemed very 
friendly towards the proposition of standardizing on 
crane motors, and the question has been referred to the 
committee on motor applications, which, I understand, 
they will take into consideration and report at a later date 
relative to a joint meeting with our committee. 

The committee decided that before taking the question 
up with the crane manufacturers they would wait for 
some definite information from the motor manufacturers. 

Respectfully submitted, 


H. C, Metoy, N. Y. C. Ro Ro gehageneee 
C, J. CausLann, Penn. RAR 

J... KE. GarDNER, C.B, & Os Rie 

A. J. FARRELLY, C. & N. Wests 

P. L. Buattey, Arnold Co, Giieaee: 

T. V. BucKkwatrer, Penn” ReeRe 


Data and Information 


Your committee has held two meetings and revised 
the list of questions submitted to railroads last year. In 
addition to continuing the statistics as to electric car 
lighting, shop lighting and motor equipment, your com- 
mittee will, this year, request information on welding 
outfits, lifting magnets, magnetic trucks and transformer 
equipment. 

These information blanks will be sent to the various 
railroad officials at once, so that plenty of time may be 
had in furnishing information to the association before 
time of our annual convention. 

Respectfully submitted, 
Epwarp Wray, 
Railway Electrical Engineer, chairman. 
B. F. BirstAnp, General Electric Co. 
. J. Caustanp, Pennsylvania R. R. 
. W. Cravens, C. & C. Electric Mfg. Co. 
J GARDNER, Cl Baw (eee ins 
E, W. Jansen, Illinois Central Ry. 
J. R. Stoan, Pennsylvania R. R. 
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Train Lighting Equipment 
and Practices 


The members of your committee having held two meet- 
ings, the first in New York, the second in Chicago at 
which representatives of all the manufacturers of axle 
lighting equipment were present, and the third meeting at 
Baltimore. The first and last meetings, as members of the 
M. C. B. Committee and the second as a joint meeting 
of the A. R. E. E. and. M. C. B. associations. 

As a result of these meetings, the members have taken 
the liberty to revise certain recommended practices, and 
to make other recommendations in order to bring them 
up-to-date. 

By— 

(a) Eliminating features not essential to  inter- 
changeability. 

(b) Additiona! matter made necessary on account 
of progress in the art and interchangeability. 

(c) Re-grouping under suitable headings all fea- 
tures pertaining to the same subject. 


(d) Re-wording of sections heretofore more or 
less ambiguous. 


(e) Otherwise rearranging subject matter to con- 
form to the progress of the art. 


In view of the fact that the report of the members 
is also a committee report to the M. C. B. association 
it would not be becoming for our association, at this time 
to publish the same in detail, previous to its presentation 
to M. C. B. association: 

In a general way the committee would, however, call 
to your attention certain changes, which we think it 
would be advisable to discuss at this time. 


1. Voltage 


The committee recommends the elimination of 
60 volt axle equipment as only two percent of 
cars at present equipped with individual axle gen- 
erators are equipped with sixty volt systems. Also 
a decreasing tendency in the use of equipment 
of this voltage for application to individual cars, 
it is felt that further use of this voltage should 
no longer be recommended. 


2. Descriptive Notice 


The descriptive notice as at present 
mended does not give full information. 


recoim- 


3. Clearances 
The minimum limits of belt clearance have 
been more clearly given, where belt passes over 
or under end sill, brake beam, and car body. 


4. Generator Suspension 
Wording changed and the feature of safety 
chains or its equivalent added, to provide for 
greater safety. 


5. Generator Mounting 
Re-worded to provide for body suspended gen- 
erators. 


6. Axle Pulley and Bushing 


Re-grouping of subject matter, no changes in 
dimensions. 
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7 and 8. Armature Pulley, and Armature Pulley Seat 


Re-grouping of subject matter and the addi- 
tion of pulleys, for generators having shafts less 
than one and one half inches in diameter, due to 
development of light weight body suspended gen- 
erators. 


9. Size of Ball Bearings 
No change. 


10. Battery Boxes, Dimensions of 
No changes, but re-worded to clarify meaning. 


11 Ventilation 
Present adopted recommendation does not pro- 
vide for suitable ventilation, revised recommenda- 
tion gives definite area for inlet and outlet. 


12. Battery Trays, Dimensions of 


Eliminated certain details of battery construc- 
tion not essential to interchangeability, and pro- 
vides such dimensions as are necessary for inter- 
changeability. 


13. Batteries, Connectors for 
Wording re-arranged and certain changes made 
to clarify meaning and promote interchangeability 


14. Charging Receptacles 
Recommendations changed to eliminate obsolete 
types and bring design up-to-date. 


15. Fuses 
Changed to clarify meaning and provide for 
interchangeability and cover all types of fuses and 
fuse blocks, in general use. 


16. Wiring 


Re-grouping of present recommendations. 


17. Writing—-Train Lines and Connectors 
Re-grouping of present recommendations, and 
wording changed to clarify meaning, 


18. Generator Leads 
Recommendations changed to permit use of a 
superior and less expensive construction of equal 
safety for use where such would seem to be desir- 
able, as on body suspended generators. 


19. Switchboards 
Subjects re-grouped, and wording changed to 
clear up ambiguity. 


20. Type of Fuses 
Subject matter re-grouped and minor changes 
made to cover all fuses in general use. 


21. Installations of Conduit and Wire 

The members of our committee, as members 
of the M. C. B. committee have prepared a set 
of rules covering above subject, which provides 
for the installation of Conduit, Fuses, Junction 
Boxes and Wiring, as the 1915 revised rules of 
the National Board of Underwriters, as apply- 
ing to car wiring, were drawn primarily to cover 
wiring of cars which are electrically propelled, 
and are therefore not applicable to electrically 
lighted cars in steam service: The rules sub- 
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mitted to the M. C. B. provided all the safeguards 
heretofore required by the National Board of 
ire Underwriters. 


22. Lamps 
No change in present standard, but recommend- 
ed that the S-17 and S-19 lamps be also made 
standard. 


23. Axles 


No change in axles heretofore approved as, 
“Recommended Practice,’ but dimensions added 
to conform to M. C. B. standard axles. 


The committee feels that paragraph No. 12 of the 
1915 M. C. B. Proceedings be eliminated ; this paragraph 


Belt Tests on the 


gk. S. M. 


The general adoption of the body-hung axle light 
generator means that the question of belt life obtained 
with this type of machine is most important. For this 
reason, the accompanying table which gives the re- 
sults and mileages obtained under service conditions 
with two types of body-hung generators on the Can- 
adian Pacific should be of interest. It will be noticed 
that the first part of the table gives the results ob- 
tained from belts where the belt tension is due to the 
weight of the generator only, the second part shows 
the mileages obtained from belts used with machines 
equipped with spring tension devices. 

Not only were various makes of belts used in these 
tests but, in many cases, the belts were of special con- 
struction as indicated in the second column of the 
table, the object being to endeavor to determine the 
type of construction best suited to the conditions met 
with on the Canadian Pacific. Following are detailed 
descriptions of the various belts used. 

Dulcimer—A_ 4-in. canvas belt impregnated with 
balata gum, upon which 1 in. by \% in. by 4 in. leather 
strips have been riveted with three 4-in. copper rivets 
per strip. The strips were placed % in. apart. In 
applying the strip hollow expanded rivets were used, 
the riveting being done on the pulley side of the strip. 
A sketch of this type of belt is shown in Fig. 1. 

Balata Cotton Stitched—A 4-in. 4-ply balata belt in 
which has been threaded four rows of cotton thread. 
The stitches on the pulley side of the belt were about 
3g-in. long and on the outside of the belt %4-in. long. 
The cotton twine used was woven cotton 1/16-in. in 
diameter. 

Steel Stitched Belt.—This belt is the same as the 
cotton stitched except that the stitches are made up 
of two rows of steel staples pitched ™% in, apart, each 
row 4 in: from the edge of the belt. The stitching 
is composed of steel staples 1/16 in. by 1/16 in. clinched 
over into the belt. 

Copper Stitched Belt—The construction of this belt 
is the same as the cotton stitched belt except that 
three rows of copper stitching are used, the stitching 
being composed of copper staples applied similarly to the 
steel stitching. 

Balata Two Rows of Copper Stitching —Same con- 
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calls for an emergency fuse close connected to the gen- 

erator. The committee respectfully presents this as a 

progress report, and will endeavor at our annual meet- 

ing to present our recommendations in detail, for letter 

ballot. 

Respectfully submitted. 

D. J. CARTWRIGHT, 
Je Hu Days, Bi & 
E. W. JANSEN, I. 
Cot. Quins, Ni 
He CrsMieioy Ney 
J. R. Stoan, Penn. R. R. 
E, WANAMAKER, C, R. IL 
CAR SGILMAN,.C. Me ase 
E. Lunn, Bilin Go: 


. R., Chairman 


Canadian Pacific 
Macnab 


struction as the three row type of belt described above. 

Balata Riveted—Same type of belt as the cotton 
stitched with two rows of %-in. rivets located % in. 
from each side with an 8-in. pitch. The riveting was 
done on the outside of the belt. 

Little difference in life was found between the cop- 
per and steel stitched belts but both were more serv- 
iceable than the riveted type as the - stitching pre- 
vents the several plys of the belt coming apart. The 
Dulcimer type gives better results in winter as the 
leather strips tend to keep the axle pulley free of ice 
but its general use is not practical due to its high in- 
itial cost. All balata belts were tested on equipment 
where a slipping belt is used to control the output of 
the generator. The average belt life obtained on the 
Canadian Pacific during 1915 was 49,140 miles, the 
maximum being 97,567 in October with a minimum of 
17,621 miles in January. The number of cars in opera- 
tion was 390. 


Results of Belt Tests on Body Suspended Axle Generators. 
Output Controlled by Slipping Belt Method. 


Belt 
Make Type of Belt Mileage Remarks 
WA eae Steelastitched 4.) ashen ek 84,376 Lost 
Beret Copper stitched’. = -ranteaciern 84,376 Lost 
Aas nea UCC la Sth ed meneame iereeucters 102,150 Removed 
Bicrerolegers Copperiistitched® 1... siecle 102,150 Removed 
CisgipaRivetédG erent en feos. 103,208 Removed 
IN i orp OLEE LT StLLCH EG wearecerc neers 103,208 Removed 
Ay ins otechi stitched a. sane cn santos 96,553 Lost 
Corea Raveted te stse teeters servi end oe 96,553 Lost 
Gxtee. Rivetedga nuacvcienk teers 101,608 Removed 
Peer Steelsstitched sontaac-se so cierece 101,608 Removed 
IB neta Copper estitchedamr seems einen Car transferred to trains 
13 and 14 
Bashers Copperastitched = a0. serene PHASE OES? 
Cases Riveted: ius. e weetebere 21,728 Lost 
Deere Copperastitched) 5... sees 43,956 Removed 
Dice Oppermstitchedsmss:. sat ace 23,176 Belt removed, cracked 
D. «ons; Coppermstitehed: <6 hase asces 11,588 Cracked 
Hise Riveted pie a1 sie teen 74,228 Removed, worn 
Bn cet SRIVetC Caer sete herein arate 60,380 Removed. 
C 2h Dulcimer rks, cs ene een 65,131 Belt removed, badly worn 
C2. Dulcimenmeannyrece etre 53,354 Worn 
A2....Balata, two rows copper 
Stitchingaerctac ere 39,760 Lost 
A 3....Three rows steel stitching... 63,144 Lost 
Aaa en Rivete diam aareccpmerreicese emcee P50: Lost 
A 5....Two rows of hemp stitching.. 78,960 Lost 
A6...:No rivets or stitching....... ,730 = Lost 
A7....Four rows of hemp stitching 73,960 Lost 
Output Controlled by Field Control, 
Belt 
Make Type of Belt Mileage Remarks 
Gireriats Sita 4-ply- Gu bere ster seacanistats 37,250 Worn out 
Gist 5-in)4-plyerubbery sce seni 44,380 Lost 
Gane Sin) 4=ply rubber eyrrere sects 60,402 Worn out 
eines 5:45. 4eply Fubber is... o:-:ene sine 63,076 Worn out 
G......5-in. 4-ply SUDDe Lire acids ete 69,115 Worn out 
G2....4-in. 4-ply Dulcimer ........ 79,747 Worn out (small 3 kw. 


generator) 
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Application of Anti-F riction Bearings 


On Electric Tractorsand Industrial 
Trucks im the Service of the Pennsylvania 


T.V. Buckwalter 


The application of ball and roller bearings for machin- 
ery used in railroad service has been given considerable 
thought as the demand for more efficient service has in- 
creased, and it is thought that some information regard- 
ing the application of ball and roller bearings to machines 
that have seen several years of useful service would be 
particularly interesting at this time. 

The most interesting application involving the greater 
weight and driving power is that of an electric tractor 
which has given continuous service since January, 1913, 


Fig. 1. 


The Electric Tractor. 


without any failures attributed to the bearings or mech- 
anism supported by the bearings. 


General Description of Electric Tractor* 


A brief description of the electric tractor is thought 
advisable in order to illustrate to better advantage the 
application of the bearings particularly in view of the 
fact that all driving mechanism on the tractor from the 
armatures to the road wheels are carried on ball bearings. 

The design of the tractor is a composite of motor truck 
and electric locomotive construction, the general layout 
partaking of the nature of a locomotive and the driving 
mechanism incorporating features developed in connec- 
tion with electric industrial trucks. The cab is located in 
the center of the machine and the steering wheel in the 
center of the cab. This construction provides the sim- 
plest means of instantly operating in either direction from 
either side of the controlling mechanism. Driving, steer- 
ing and braking is accomplished on all four wheels and 
provides a maximum draw bar and the greatest flexibility 
in handling a large machine in congested districts. 

The driving apparatus is divided into two units which 
are in duplicate, one unit driving each pair of wheels at 
the respective ends. The driving mechanism of each 
unit consists of a motor flexibly connected to a driving 


*A complete description of this tractor appeared in the Railway Electrical 
Engineer for November, 1913. 


pinion which meshes with a countershaft gear, supported 
by the differential. The differential is connected by coun- 
tershafts to universal pinions meshing directly with the 
driving gears on the wheels. The universal pinions pro- 
vide a simple mechanism for driving the steering wheels, 
the application of four wheel steering requiring steering 
knuckles on each wheel. 

The tire equipment consists of 60 in. by 6 in. dual 
blocks on each wheel, the steering wheel is 42 in. in diam- 
eter, while other parts of the driving and steering mech- 
anism are constructed in this proportion. The machine 
is provided with standard M. C. B automatic couplers at 
each end, these couplers being connected to the center 
sills ef the tractor by means of radial draft gear. 

The brakes are connected to each of the four wheels 
and are operated by hand through the medium of a hand 
wheel and suitable gearing, and also automatically by air, 
the compressed air being furnished by a standard railway 


Electric Tractor—Driving Wheel. 


Fig. 2. 


type motor driven air compressor. The air brake equip- 
ment is designed to operate the brakes on the tractor 
simultaneously with the brakes on the cars it is handling. 
The compressor equipment is sufficient for a total of 
six cars. 

The source of energy is an Edison battery consisting 
of 180 cells of the type A-12, this battery being divided 
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into two units of 90 cells each which are used inter- 
changeably. A battery of 90 cells is charged at night 
and discharged the next morning. During the noon hour 
the exhausted battery is removed by means of special 
transfer mechanism and the freshly charged battery in- 
serted. This battery furnishes energy for the afternoon’s 
work and is charged on the machine at night without 
removal. 

A standard General Electric controller is mounted on 
one side of the cab, but the control mechanism is provided 
in duplicate on each side of the cab and is adapted for 
operation in either direction from either side. The wiring 
is simplified and electric complications avoided by the 
operation of a single controller from either side of the 
cab and is accomplished by simple mechanical mechanism. 

The control mechanism in addition to the controller 
consists of an air compressor governor, switch, volt and 
ammeter, speedometer, including mileage indicator, 
charging plug and double throw switches, ampere hour 
meter, air brake valves located on each side of the cab 
and switches for controlling the lights. 


Application of Ball Bearings 
The electric tractor is equipped with a complete appli- 
cation of ball bearings in the driving mechanism from the 
armatures to the road wheels, the ball bearings being se- 
lected for the following reasons: 

The space available for the battery is subject to 
considerable restriction, and to obtain the maximum 
amount of work per charge, ball bearings were used 
as their use almost entirely eliminates friction from 
the bearings and confines the frictional losses to the 
commutator, gears and tires. 

The ball bearings require a very slight amount of 
lubricant and by providing considerable space for 
the lubricant, the renewal can be done at intervals of 
only four times a year. The term “renewal” is used 
advisedly, as the design provides for the addition of 
new lubricant to one side of the bearing which forces 
out the old lubricant through suitable annular pas- 
sages. By this method the necessity of complete 
renewal is avoided as the application of the new 
grease at these infrequent intervals forces out the 
old grease together with the dirt it has accumulated. 

The third reason for the use of ball bearings is 
that the wear is practically negligible, while a certain 
amount of wear occurs, it is a very slight amount as 
compared with plain bearings, and on account of 
this reason the mounting of the gears and shafts 
when once made correctly remains fixed. . This theory 
is borne out by the fact that the countershaft on the 
tractor has been in continuous service for three and 
a half years, during which time the alinement has 
been maintained as originally set and the wear of this 
gear is practically negligible. 

The data regarding the application of ball bear- 

ings will be described in detail: 


Motor Bearings 
Ball bearings are used on the motor with the object 
of attaining a small air gap and constant relation 
between the armatures and field, and between the brushes 
and conimutator together with the minimum of atten- 
tion and economy of space which results from the 
use of the bearings. The weight of each motor is 600 Ib., 
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and their rating is 85 volts, 60 amperes at 900 R.P.M. 

The motor is liberally designed and is worked at fre- 
quent intervals daily developing a torque 6 to 10 times 
the normal rating. 

The ball sizes on the pinion end is No. 312, and on the 
commutator end No. 310. The capacity of the No. 312 
bearing at 900 R.P.M. is 1,950 lb. and of the No. 310 at 
900 R.P.M., 1,400 Ib. The design provides for no addi- 
tional loads on the bearings except the weight of the 
armature, which would be somewhat less than 200 lb. on 
each bearing. This is due to the fact that the armature 
is connected by means of a flexible coupling to a pinion 
shaft which takes all the gear strains. 


Motor Pinion Bearings 


The motor pinions are made integral with the motor 
pinion shaft and are supported on two ball bearings No. 
311, the capacity of which at 900 R.P.M. is 1,660 Ib., and 
the load due to the gear reaction at this speed is 140 Ib. 
each. Due to the steep torque of this motor, the load on 
the gear teeth increases rapidly with the reduction in 
speed, and at 330 R.P.M. the load due to the gear reduc- 


Fig. 3. Electric Tractor—Countershaft Assembly, Showing Mo- 
tor Pinion Bearings, Differential Bearings and Countershaft 
Bearings. 


tion is approximately 1,010 lb. each. The load on these 
bearings at which the tractor slips on dry pavement is 
approximately 3,160 Ib. 

From this data it will be apparent that the motor pinion 
bearings, of which there are four on a machine, are 
worked daily at variable loads amounting to one-half the 
rating of the bearing for constant load, whereas the load 
imposed on this bearing due to starting heavy drafts of 
cars at times reaches a point 50 per cent in excess of the. 
normal constant load of the bearing. 

The mounting of the motor pinion bearings, differen- 
tial bearings and countershaft bearings is shown on the 
attached photograph of drawing entitled Countershaft 
Assembly. 


Differential Bearing 


The differential bearing supports the countershaft gear 
and the differential gear, the countershaft gear being 
bolted to a spider supported by the differential gear. The 
differential gear is supported by means of extended hubs 
on ball bearings No. 217, the outer race of which is sup- 
ported directly in the countershaft housing. The ratio 
between the motor pinion and the countershaft gear 1s 
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20 to 185, giving a reduction of 9% to 1. The capacity 
_ of the No. 217 bearing at 200 R.P.M. is 3,080 lb. each, 

while the load with the tractor running light and the 
countershaft gearing running at 100 R.P.M. is 640 Ib. 
The load on these bearings with the tractor pulling a 
heavy draft of cars and developing 8,000 lb. draw bar is 


Fig. 4. 


Electric Tractor—Differential and Bearing Mounting. 


1,250 lb. each, or approximately 40 per cent of the con- 
stant load capacity of the bearings. The load imposed on 
these bearings when slipping on dry pavement is approx- 
imately 3,300 Ib. each, or slightly above the constant load 
of the bearing. The load on the differential bearing is 
subject to wide fluctuations, due to the fact that the 
weight of the gear and differential is added to the gear 
reduction in one direction and subtracted in the opposite 
direction. The above figures are a maximum when the 
two loads are cumulative. 


Countershaft Bearing 


The countershaft bearings are subject to wide varia- 
tion in load on account of the fact that they are mounted 
on the three-quarters floating principle, this term being 
used in automobile parlance to describe an axle in which 
the inner end is free to float on a separately supported 
differential, and the outer ends are supported on bearings 
which take the radial load in addition to the thrust reac- 
tion. The size of the countershaft bearing is No. 413 and 
the capacity of each bearing at 200 R.P.M. is 4,950 Ib., 
and the load with the tractor running light and the coun- 
tershaft rotating at 100 R.P.M. is 560 lb. each, and the 
load with the machine developing 8,000 lb. draw bar at 
35 R.P.M. is 5,150 Ib., or slightly in excess of the normal 
constant load capacity at 200 R.P.M. The load imposed 
on this bearing when the tractor is working up to slip- 
_ ping point on dry pavement is 12,900 lb., which of course 
occurs at very low speeds. 

In addition to the above loads, each of these bearings 
takes a thrust load of 1,750 lb. due to reaction of the 
driving gear when turning corners when the tractor is 
working at a draw bar of 8,000 Ib. on a minimum radius 
bend. It should be stated that this condition occurs at 
rare intervals for the reason that the machine will turn 
in a 25-foot radius, whereas the minimum radius over 
which cars are pulled is about 50 ft. 
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Main Wheel Bearings 


The main wheel bearings consist of annular ball bear- 
ings No. 319 on the inside, and bearing No. 410 on the 
outside, each of which is arranged to take radial load 
only. The construction provides an S.K.F. thrust bear- 
ing No. 1712 which takes the thrust load in both direc- 
tions. 

The total weight of the machine is roughly 30,000 Ib. 
The weight of the four wheels with tires, gears, rims, 
etc., is approximately 8,000 Ib., leaving 22,000 lb. weight 
carried by the bearings or 5,500 lb. to each wheel. Of 
this load 3,050 Ib. are supported on the inner bearing and 
2,450 Ib. on the outer bearing. 
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Electric Tractor—Hub Section, 
Bearings Taking Radial Load and Two Direction Thrust Bearing 
for Thrust Load. 


Showing Annular Ball 


The wheel bearings in addition are required to take a 
component due to gear reaction, which at 8,000 lb. draw 
bar amounts to 4,560 lb. of which 8/9 is assumed by the 
inner bearing. This results in a total load in considera- 
tion of the weight on the inner bearing of 5,560 Ib., 
whereas the capacity of the bearing at 200 R.P.M. is 
6,820 Ib. 

The component due to gear thrust at 8,000 lb. draw 
bar on the outer bearing is 570 lb., which together with 
the weight on the outer bearing is 2,450 lb. results in a 
total load of 2,530 lb. on the outer bearing which com- 
pares‘ with the rated capacity of this bearing at 200 
R.P.M. of 3,080 lb., so that this bearing is working at 
about 5/6 of its normal capacity. 

The capacity of the thrust bearing is approximately 
7,000 lb., which compares with a total weight on each 
wheel of about 7,500 lb. The static stress on the thrust 
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bearing would not be more than about one-quarter of this 
weight, but the stress due to shock might under certain 
conditions equal the weight. 

The total gear ratio is approximately 38 to 1. 


Results of Operation of Ball Bearings on Electric 
Tractor 


The ball bearings as above described have been in serv- 
ice on this machine for three and a half years, and during 
this time there has been no failure due to the bearings 
and no failures of the parts supported by the bearings. 
June 5, 1916, completed three years since the machine 
has lost any time on account of mechanical failure. The 
bearings have been examined occasionally and have not 
disclosed any wear that can be noticed without a complete 
dissembly of the bearings, and it is apparent that the 
service has not reached a point where the life of the bear- 
ings can be approximated. 

The volume of work done by the tractor is represented 


Fig. 6: 


Drop Frame Truck With Loaded Trailers. 


by a total of 30,852 cars placed, which if connected would 
extend a total distance of 234 miles. 

The distance operated in the 34 months’ service to May 
1, 1916, is 12,068 miles, which represents an equivalent 
distance if traveled by an automobile of 120,000 miles. 


General Description of Electric Industrial Trucks 


The industrial trucks as developed by the Pennsylvania 
Railroad represent the first machines used by the rail- 
road in which all the driving mechanism is carried on 
ball or roller bearings, and‘it is fair to state that much 
of the success of these trucks, of which there are over 
200 in the Pennsylvania Railroad service, is due to the 
decision to use ball and roller bearings on all driving 
mechanism and the care with which the bearing sizes 
were selected. 

The industrial trucks are all of the general capacity of 
4,000 lb. and the weight ranges from 2,200 to 3,000 Ib., 
depending upon the general design otf the machine. The 
smaller machines for freight and shop service weigh 
2,200 to 2,400 lb., and the larger machines with 13 ft. 
4 in. drop frames and cross rail for handling mounted car 
wheels weigh about 3,000 Ib. 

The feature of double end control is provided on all 
the industrial trucks, except the small warehouse trucks 
for use in freight service, which are single end control 
due to the fact that the rear end of the truck is only 10 
in. in height to facilitate transfer of loading. 

The data which follows on the loads carried by the 
ball and roller bearings has been calculated on the basis 
of the drop frame truck weighing 3,000 lb., but the motor, 
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differential and countershaft bearing data is practically 
identical on all classes of trucks, whereas the load on the 
wheels varies somewhat with the weight of the truck, but 
when consideration is taken of the fact that the capacity 
of 4,000 Ib. is common to all the trucks, it is evident that 
the variation in weight on the wheel bearings is prac- 
tically negligible. 


Fig. 7. Straight Frame Truck, 


The industrial trucks differ from the electric tractor in 
that driving is accomplished on two wheels only for the 
reason that sufficient traction for the truck and train of 
trailers is available with two wheel drive and the compli- 
cation of four wheel drive is therefore unnecessary. 

Braking is also accomplished on two wheels and to 
simplify the mechanism braking is done on the two 
wheels on the opposite end from the driving wheels. 
Steering, however, is done on all four wheels as this re- 
duces by one-half the turning radius of the truck and 
makes the front and rear end track exactly, which is not 
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Fig. 8. Steel Hand Baggage Truck—Front Axle Section Showing 


Application of Timken Bearings. 


the case with two wheel steering trucks and increases 
to a maximum the size of the trucks readily handled in 
ordinary shop and baggage runways. The use of four 
wheel steer also makes the operation of double end con- 
trol entirely safe, as the manipulation of the control levers 
and the response of the steering wheels is therefore iden- 
tical whether operated from either end of the truck. 
The attached photographs show drop frame trucks 
loaded, with trailers, and drop frame shop truck for 


handling mounted wheels and straight frame baggage 
trees: 


June, 1916 


The baggage trucks are equipped with wheels having 
_ tire equipment 27 in. by 3% in. A.R.E.E. standard. The 
warehouse trucks are equipped with wheels 20 in. or 
22 in. by 3% in. in front and 10 in. dual rear wheels. 
The gear ratio on trucks having 27-in. wheels is approx- 
imately 27 to 1, and correspondingly less on trucks hav- 
ing smaller driving wheels. 

‘The standard battery equipment is 21 A-6 Edison cells, 


Fig. 9. Drop Frame Shop Truck With Cross Rails. 


or 12-15 pasted plate lead cells. A standard controller 
provides three speeds in either direction. The battery is 
made removable and on the large installations at New 
York, Philadelphia and Pittsburgh passenger stations 
the trucks are in service twenty-four hours a day. About 
10 minutes per day is utilized for truck inspection and 
change of batteries. The batteries in small installations 
are charged at night without removal. 

The reasons for the selection of ball and roller bear- 
ings for electric tractor, as outlined under the description 
of the electric tractor, are applicable to industrial trucks 
but with increased force for the reason that space is 
more restricted on industrial trucks and the attention they 
receive is more likely to be stinted than the tractor. 


Motor Bearings 


The standard motor has a rating of 24 volts, 60 am- 
peres, 1,400 R.P.M. and weighs about 140 lb. The load 
on the motor varies within wide limits, while an ampere 
draw of from 40 to 50 is sufficient to propel the truck 
with light load on good pavement under ordinary condi- 
tions, heavy loads on steep grades ranging to 20 per 
cent. require an ampere draw of 100 to 150 amperes, 
while to start the load on steep grades might require 
surges of possibly 250 amperes. The calculations which 
follow are made at loads of 60 amperes, 150 amperes and 
slipping point with load is estimated 2% times the torque 
at 150 amperes. 

The size of the motor bearing on the pinion end is No. 
306, of which one is required on the truck. The capacity 
of the bearing at 1,400 R.P.M. is 500 Ib. and the load at 
1,400 R.P.M. and drawing 60 amperes is 120 Ib. The 
capacity at 800 R.P.M. is 625 lIb., and the load at this 
speed drawing 150 amperes is 330 lb., or a little more 
than one-half the normal constant rating of the bearing. 
The slipping load is estimated at 750 Ib. 

The size of the bearings on the commutator end is No. 
305. The capacity at 1,400 R.P.M. is 365 Ib. and at 800 
R.P.M. is 485 lb. The load on this bearing is practically 
constant at about one-half the armature weight regard- 
less of the work the motor is doing and seldom exceeds 


50 Ib. 
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Differential Bearings 


The differential is supported on two bearings No. 210, 
the bearings being mounted in the countershaft housing 
and supporting the differential by means of extended 
hubs on the differential housing. The drive to the coun- 
tershafts is by means of the three-quarter floating ar- 
rangement. The capacity of these bearings at 200 R.P.M. 
is 990 Ib., and the load at 210 R.P.M. with the motor 
drawing 60 amperes is approximately 60 lb. each, and at 
110 R.P.M., drawing 150 amperes the load is approxi- 
mately 170 Ib. each and the slipping load approximates 
375 lb. This bearing is therefore rather lightly loaded 
and is due to the fact that the selection of the bearing 
size 1s controlled largely by mounting conditions. 


Countershaft Bearings 


The ends of the countershaft are carried on bearings 
No. 308, one bearing supporting each end of the divided 
countershaft. The loads on this bearing are similar to 
bearing No. 413, described under the electric tractor, and 
are subject to wide variations. 

The load rating of the No. 308 bearing at 200 R.P.M. 
is 1,430 lb., and the radial load at 210 R.P.M. with the 
motor drawing 60 amperes is 130 lb., while the radial 
load at 110 R.P.M. and drawing 150 amperes is 490 Ib. 
The slipping load is estimated at 1,270 lb. 


Fig. 10. 


Electric Baggage Truck—Section of Differential Showing 
Ball Bearing Mounting. 


In addition to the above radial loads, these bearings 
take a thrust load due to the gear reaction in rounding 
curves, which under extreme conditions amount to 40 Ib. 
thrust load at 210 R.P.M., 160 lb. thrust at 110 R.P-M. 
and 400 lb. estimated in slipping. The capacity of an- 
nular bearing for taking thrust is about one-quarter the 
capacity for taking radial load and these latter figures 
would therefore have their equivalent in radial load at 
four times the above values. This would make the equiv- 
alent radial load due to thrust at 110 R.P.M. equal to 
640 Ib. each., together with the radial load at a speed 110 
R.P.M. of 490 Ib. would make the total load 1,130 lb., or 
approximately 80 per cent of the normal loading capac- 
ity of the bearings. 

This data should be particularly interesting in view of 
the fact that there have been no failures, except one 
which was due to the absence of lubricant. 
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Main Wheel Bearings 


The wheels of the industrial trucks are carried on Tim- 
kin bearings. The selection of the Timkin bearing being 
due to the fact that they are somewhat smaller than the 
ball bearings having similar capacity, and the thrust to 
which the road wheels are subjected can be provided for 
in a simpler manner with the Timkin bearings, which are 
of the taper variety than with the ball bearings. The 
Timkin bearing number of the inner bearing is 395, and 
the outer bearing 335. 

The weight of the truck selected for computation is 
3,000 Ib. and on this truck the weight of the wheels, 
rims, tires, brake bands and gears is 440 Ib., leaving a 
net weight on the bearings of 2,560 Ib. due to the empty 
truck. The load capacity is 4,000 lb. evenly distributed, 
making a total weight on the bearings with load of 6,560 
lb., or 1,640 lb. to each wheel. The weight distribution 
on these bearings is approximately 42 per cent on the 
inner bearing and 58 per cent on the outer bearing, which 
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Fig. 11. Electric Baggage Truck—Section Through Driving Wheel 
Showing Application of Timken Bearings and Ball Bearings Sup- 
porting Countershaft. 
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makes the weight on the inner bearing 680 lb. and on 
the outer bearing 960 lb. These bearings are also sub- 
ject to considerable load due to the reaction of the driv- 
ing gears, this load amounting on each wheel to 95 Ib. at 
55 R.P.M. running light and 380 lb. at 30 R.P.M. with 
the motor drawing 150 amperes on heavy grade. This 
thrust approaches 950 Ib, before the wheels slip with load 
on dry pavement. 


The proportional gear thrust on the inner and outer 
bearings at 30 R.P.M. and 150 amperes is 350 lb. on the 
inner bearing and 30 Ib. on the outer, and inasmuch as 
this gear thrust is in a direction 90° from the load which 
is in a vertical direction, the resultant bearing loads at 
30 R.P.M. and 150 amperes is 760 lb. for the inner bear- 
ing and 960 lb. for the outer bearing, which compares 
with the capacity of the number 395 bearing used as the 
inner bearing of 830 Ib. and 625 lb. for the outer bearing 
number 335. 


From the above it will be noted that the outer bearing 
works under full load and under the worst conditions at 
about 50 per cent above its normal rating for steady 
loads, whereas the inner bearing is working about 85 per 
cent of the similar capacity, but in addition to the above 
stress, the inner bearing takes the thrust stress due to 
curving, which would increase its total load to a propor- 
tional amount with the outer bearing. 


Bearing Failures 


Industrial trucks were first placed in service on the 
Pennsylvania Railroad in 1907, and commencing in 1909 
they were used in considerable numbers, so that results 
of operation can be estimated on the basis of six years’ 
service, and when consideration is given to the fact that 
most of the 216 trucks in service are used twenty-four 
hours per day and seven days a week, the results of oper- 
ation with ball bearings should be of considerable inter- 
est. While there have been a number of failures, it is 
thought that consideration should be given to the facts 
in connection with bearing failures. 
several failures of the motor bearings, principally at the 
commutator end and inasmuch as the bearing at the com- 
mutator end carries very little load, it has generally been 
found to be due to the loosening of the nut which clamps 
the inner race to the shaft. The experience of this com- 
pany indicates that the inner race of a ball bearing cannot 
be secured too firmly. 

There is one failure on record of a differential bear- 
ing, which was due to too loose fit of the inner races on 
the extended sleeve of the differential so that the result- 
ant motion under load wore away the clamping action of 
the nut on the extended hub which allowed the bearing 
to set up a chattering action in service. This action, when 
allowed to develop, wears a series of holes in the races 
of the bearing. 

There have been about six failures of wheel bearings 
of the Timkin type, all of which are due to shocks inci- 
dent to baggage trucks dropping from station platforms 
to the railway tracks below. There are no records of any 
of these bearings failing from service. 

In the nine years that the ball and roller bearings have 
been in service on industrial trucks, there has been no 
occasion to change the size or type of any of the bearings 
and no such changes are contemplated at present. 


There have been -. 
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ethod of Cost Keeping for Railro 


Shop Power 


Ik. Wanamaker* 


The accompanying sheet No. 1—Skeleton Form for 
Costs and Load,—together with sheet No. 2—Distribu- 
tion of Costs—outlines a method that will permit a cost 
comparison on the total power cost figure only, or the 


will be necessary to equip power plant with meter to 
measure all boiler feed water. Then using evaporation 
figures, the approximate total number of pounds of steam 
generated may be found. (A closer figure may be ob- 


Skeleton Form for Costs and Load 


Cost per Costin 
1000 lb. equivalent 
of steam K. W. H. 


eee eee 


Daily 

Itemized cost of power cost 
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Machinists’ and boiler makers’ Jabor........ 
Coal—Price per ton, including freight...... ; 
Water—Quantity price per 1,000 gal........ 


Handling material by store dept. (at so much 
per $1.00) 
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Shop output for the current month— 
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Percentage shop orders to total work done............+-.0-- 
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Suors Labor 


Machinists 
Boiler M 
Smiths 
Carp’n’r 
Electr’n 
Crane man 
Pipe fitter 
Tinsmiths 
Painters 
Clerks, etc. 
Helpers 
Laborers 
Not listed 
elsewhere 
Total 


Office supt. of shops 


Office asst. supt. of 
SHOPS) wis lere te ches 


Machine shop ..... 
Tool room 
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Steam pipe, driver 

brake, grates .... 
Locomotive dept.... 
Stripping and eng. 
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Blacksmith shop ... 
Boiler: shop ....... 
Tin and pipe shop.. 
Carpenter and tank. 
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Loap Curves 


Compressed Air 
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100.000 Cu. FF 
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flectric. 
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1000 K.W.H 


12345678910 le 4 6 
verage Daily Electric Load, 


Complete Description of Entire Power 
Plant and Equipment Value 
Thereof 


Diagrams Showing Relative Position 
and Size of All Shop 
Buildings 


costs may be run down and subdivided to any degree of 
fineness desired, by each individual company. The rel- 
ative cost per unit of shop output being decided by the 
monthly production of shop. 


(1) In order to arrive at the first or primary total 
cost of power produced for any one day or month, it 


*Electrical Engineer, Rock Island. 


tained by using steam flow meter on each boiler.) Tak- 
ing weight of fuel from bills or invoices, and including 
all costs of production as shown on sheet 1, the cost 
per 1000 lb. of steam may be ascertained—also, the 
daily and monthly steam cost. 

(2) In cases where exhaust steam is used for heat- 
ing purposes, it should be ascertained by checking radia- 
tion against steam and hot water return meter, what per- 
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centage of the total number of pounds of steam used 
for power during month, is again used for heat. 

To secure a total power cost, and make a charge for 
the steam heat, it will be necessary to deduct the cost of 
total number of pounds of steam used for heating from 
total cost of steam generated during month. Thus for 
example: 

Total number of pounds of steam generated 

for month—1,000,000 Ib. @20c. per 1,000 1lb.=$200.00 
Total number of pounds of steam used for heat- 

ing during month=500,000 Ib. @20c. per 


1,000 1b.= 100.00 


Then $100.00 
only should be charged for the 1,000,000 Ib. at the rate of 
10c., per 1,000 Ib.=$100.00 for 1,000,000 _ Ib. of 
steam. The difference in cost of generating: heating 
steam at a high pressure, as compared to generation at 
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low pressure, will be compensated for by back pressure 
thrown on power steam, when heating system is in opera- 
tion. The steam should not be charged for twice. 

(3) Using cost per 1000 pounds of steam generated 
as a basis, and ascertaining by use of test indicators and 
meters, quantity of steam used to make the different 
forms of energy required, the cost thereof may be found 
in units.of K.W. 41) cu. it: gallons, etc. - It is also pos- 
sible to reduce to and express the cost of all forms of 
energy in the equivalent of K. W. H., using the electrical 
energy conversion or transformation cost figures as a 
basis, meaning so many pounds of steam per K. W. H. 
This will facilitate ease of comparison. 

(4) The cost of purchased energy in any form should 
be added to or inserted in place of that particular form 
of energy, so that it may be added to the total cost of 
the whole. Also, that the cost may be properly subdi- 
vided and distributed. iL 
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ies in Car Lighting Service 


Kernest Lunn 


It is the purpose of this paper to call attention in par- 
ticular to three seemingly simple and unimportant things 
in connection with the maintenance of lead storage bat- 
teries in car lighting service, viz.: 

(1) Maintenance of uniform condition of the bat- 
tery cells. 
(2) Remedying defective cells. 
(3) Individual cell voltmeter readings taken while 
the battery is being discharged. 

These are referred to as seemingly simple and un- 
important things, for the reason that they are too often 
so considered by those whose duty it is to care for bat- 
teries, both in the railroad yards and in the repair shops, 
and it may be due to this fact that defective cells are 
not always remedied, even after their condition has been 
revealed by the simplest of the three things referred 
to—the taking of individual cell voltmeter readings while 
the battery is discharging. 

Many books on the subject of storage batteries have 
been written, but despite this fact some of the most ef- 
fective methods, especially those affecting details of 
maintenance, are frequently overlooked. There can be 
no good excuse for such negligence, since to put them 
into effect requires the minimum of time to carry out, in- 
volves practically no expense, and in the majority of 
cases produces results that would warrant going to a 
great deal of trouble to obtain. If for instance, individ- 
ual cell voltmeter readings are taken when a battery 
is being discharged, the readings will usually show, al- 

“most at the very beginning of the discharge, whether 
any cells have less capacity than others in the same bat- 
tery. Such readings taken periodically, say once each 
month or oftener, will insure that none of the cells can 
be in trouble for more than a few days without detec- 
tion. Information of this kind if properly made use 
of will tend to prevent low battery voltage, increase the 
battery plate life and save maintenance expense. 

Consider, for example, a 16 cell axle lighting battery, 


in connection with which 32 volt lamps are used. With 
all of the cells in. good condition and fully charged, the 
terminal voltage of the battery will be about 32 when 
the normal lamp load is being carried by the battery, 
and about 28 when the battery is nearly discharged. 
The voltage at the lamps, due to circuit losses, will be 
none too high at any time the battery is carrying the 
lamp load. It is, therefore, important that the battery 
should always be in such condition that it may furnish 
current for the lamps at as high a.voltage as possible. 
The 4 volt drop in terminal voltage, from 32 to 28, of a 
battery during normal discharge is accepted, although 
under protest, only because it is looked upon as being 
unavoidable; but this acceptance does not constitute a 
license for allowing a battery to remain in such a con- 
dition that its terminal voltage, when fully charged, is 
only from 28 to 30, when carrying the normal lamp 
load. Such a condition demands an investigation. It 
is not the fact that the terminal battery voltage is 30 or 
28, when experience has taught that it should be 31 or 
32, that counts against a man, but his failure to make 
use of that fact. It is general practice to take terminal 
battery and lamp voltage readings on arrival of axle 
lighted cars at terminals, and it is not to be said that 
use is not made of them, but this indictment is more 
against the manner of usage than the use. 

Possessing the knowledge that the voltage of the bat- 
tery is, say, two volts lower than it should be, the re- 
pairman or inspector, usually proceeds to apply a rem- 
edy. There are a number of ways to go about it, and 
he takes the one he considers the best. Unfortunately, 
the repairman does not always select the best method, 
usually through ignorance. It is frequently the practice, 
without making further investigation than to determine 
that the terminal voltage is somewhat low, to give the 
battery a “boost” on the supposition that it has failed 
to receive sufficient amount of charge en route, not- 
withstanding the fact that there may be no indications 
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that it has not received all the charging current it should 
need during the trip just completed. His guess may 
be that 3 or 4 hours of charge will be about what the 
battery needs. His conscience is clear, as he may think 
that he has satisfactorily taken care of the situation. 
He will be at a loss to know the reason for the battery 
needing another “boost” a few days later when a sub- 
sequent voltage test reveals conditions identical with 
what he found on previous test. Instead of “boosting” 
the battery it possibly may be assumed that the battery 
is low in voltage because of not having received sutf- 
ficient charge en route and that it will come up to full 
charge on the next trip. This is the most convenient 
way to take care of the trouble, but obviously the least 
effective. The repairman may disdain these easy ways 
of taking care of the trouble, and instead take specific 
gravity readings of all battery cells, using up consid- 
erable time if carefully done. The readings obtained 
will mean little, unless compared with readings taken 
under similar conditions of charge and with the same 
degree of care and when the cells of the battery were 
known to be in good condition. At most the readings 
wilf indicate that either all of the cells are low in grav- 
ity, or that certain ones are. Unfortunately, conditions 
under which axle light batteries are operated are so 
varied and uncertain that the gravity method, although 
effective if followed up diligently and with an apprecia- 
tion of the many things that may affect the specific grav- 
ity readings, is not generally a popular way of deter- 
mining the reason for low battery voltage. 

A method, which is used by many and the one here 
recommended, is to take a voltmeter reading of every 
cell in the battery while it is on discharge. If the bat- 
tery as a whole is in good condition, all of the cells will 
read approximately alike. If a few cells only read low, 
and the remainder high and alike, then it may be quite 
safely assumed that the low cells are in need of special 
attention; also, that they are the cause of the low ter- 
minal voltage. It is obvious, if such a condition exists, 
the battery does not need charging until after the cause 
of the low cells has been removed. The usual proce- 
dure in a case like that cited above is to read the battery 
terminal voltage with full lamp load on, and if found 
to be unexplainably low, read the voltage of every cell 
of the battery while the lamp load is carried by the bat- 
tery. In case all cells read alike, but low, it is probable 
that the battery needs to be charged. How this shall be 
done is for the person in charge to say. If a cell reads 
low while the others read relatively high, it may be as- 
sumed that there is something wrong with that particu- 
lar cell. The cause may be external and easily located, 
but if not, then the connectors should be disconnected 
and the cell cover removed. A careful examination of 
the plates should be made in order to locate any short 
circuit between them. If no evidence of trouble is 
found, the plates should be removed from the tank and 
a search made for short circuits. It may be found that 
two plates of opposite polarity are touching, that a posi- 
tive and negative. plate are both touching the lead lin- 
ings, or that sediment is short circuiting the bottoms 
of the plates. Regardless of what may be the nature 
of the trouble the cause should be removed before the 
plates are replaced in the tank. Care should be exercised 
when assembling the cells after repairs have been made 
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in order to make sure that all separators and liners are 
in good condition and in place. This precaution will, 
many times, save needless expense later. If facilities for 
giving the cell an individual charge, after repairs have 
been made, aré available, this should be done and the 
charge continued until the cell is in approximately the 
same condition, so far as charge is concerned, as the 
good cells of the battery. If this is not possible the cells 
should be replaced after having been repaired and pro- 
visions made so that the whole battery will receive en 
route an overcharge equivalent to about its rated ca- 
pacity. 

The query is often made, “Why, if this method of lo- 
cating trouble is effective, is it not more generally made 
use of?” The answer is that the idea probably does not 
appeal so strongly to others as it does to the writer, who 
believes that if the method as outlined was generally 
used, and if those in charge of axle light equipment were 
kept cognizant of the individual cases of battery cells 
falling out of step with the other cells of the battery, it 
would lead to investigations resulting eventually in ef- 
fectively preventing the great majority of cases of trouble 
of that nature. 


Electric Battery Locomoe- 
tive, Midland Railway 


Some eighteen months ago the Midland Railway Com- 
pany put to work a battery operated electric locomotive, 
for shunting and sorting coal traffic at the West India 
Docks Depot, London. The work was previously per- 
formed by horses in connection with a number of turn- 
tables situated in each road, and investigation showed 
that the work could be performed more satisfactorily and 
economically by an electric locomotive than by horses, 
hydraulic or electric capstans and snatchheads. 

A locomotive is also considerably more flexible in 
operation than any of the alternative arrangements, and 
as the ordinary steam locomotive cannot enter the yard, 
the only access from the railway being by means of an 
hydraulic wagon lift, the whole of the work had to be 
performed by the electric locomotive. 

High speeds are, of course, unnecessary in working a 
yard of this type, and the maximum speed attained with 
full load is only about seven miles per hour, speeds up to 
twelve miles per hour being attained with light loads. 
The rated capacity of the locomotive is six loaded 
wagons, weighing 15 tons each, and twelve light wagons 
of approximately 6 tons each. 

The weight of the locomotive complete with battery is 
171% tons, and the wheelbase, which is, of course, rigid, 
is 8-ft. 6-in. 

The general appearance and method of construction 
of the locomotive is well shown in the photograph at- 
tached. 

There are two motors—one per axle—of 22 h. p. each, 
supplied by Messrs. Dick Kerr & Co. The battery, which 
is situated in the two end compartments, was provided 
by the “D. P.” Battery Company, Ltd., of Bakewell. 
It consists of 108 cells, 21-plate TL. type, and has a 
capacity of 300 ampere-hours. The cells are of the D. P. 
Battery Company’s standard train-lighting pattern in 


June, 1916 


lead-lined teak boxes, and are fitted with “block” type 
lids. 
It is important to note that the locomotive has not been 
out of service at any time on account of the failure of the 
battery, and that no single cell has failed since put to 
work about 18 months ago. The battery has been in daily 
use (except Sundays), the discharge rate varying from 40 
to 90 amperes, with occasional spurts up to 150 amperes. 

The battery is charged every day from about 12.30 
p. m. for one to two hours, and a “refreshing” charge is 
given in the early morning. When the battery was 
cleaned out the work was done without interrupting the 
service in any way, and the plates were found to be in 
excellent condition. 

Control is by the ordinary series parallel method, pro- 
viding two economical running speeds, but no restric- 
tions are put on the drivers with regard to the use of the 
other notches. Breaking is of the rheostatic type, oper- 
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ated by the main controller, this method being very use- 
ful for shunting operations. A band brake with hand 
operation is also fitted to each axle. 

The mechanical portions of the locomotive are largely 
constructed of standard wagon parts, e. g., the wheels, 
axles, draw-gear, etc. The body and cab are of wood, 
suitably braced with iron-work. The covers over the 
battery compartments are arranged to drain off all rain 
water, while both sections are so ventilated that gases 
given off during charging or working the battery are car- 
ried away. 

Charging is performed by a motor generator, the volt- 
age of supply from the Poplar Borough Council of 460 
volts, being too high to offer any advantages for the use 
of a reverse booster. The generator is differentially 
compounded, so that after current is switched on, fur- 
ther attention is unnecessary except in the case of a 
gassing charge—The Locomotive, London. 
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ligiht Generators 


There are certain classes of passenger train service 
where it is desirable to use a system of electric lighting 
that requires little or no expert attention and one that 
is considerably lower in first and operating costs than 
the systems in general use. The development of turbo- 
generator equipment for locomotive headlight service to 
a point where it is reliable and possesses close voltage 
regulation has made possible its use for the electric light- 
ing of trains in certain classes of service. The small 


Interior View of a Coach on the Staten Island Lines of 
the B. & O. System, Showing Method of Mounting the Electric 


Fig. 1: 


Fixtures. It Will Be Noted That the Old Oil Lamps Have Been 


Removed. 


capacity of the generator set and the fact that it is im- 
practical to use storage batteries with it confines the use 
of this head-end system of electric lighting to trains of 
short length and to trains which can be operated intact, 
including the locomotive, throughout their entire run. As 
common to all forms of head-end system, where no sec- 
ondary lighting is provided, the cars can be operated only 
in trains properly equipped. 

It is the object of this article to describe the methods 


used by the Baltimore & Ohio and the Chicago & North 
Western in adapting this form of head-end train lighting 
to certain of their suburban trains. The installation on 
the Baltimore & Ohio trains will be described first. 


Baltimore @ Ohio 


The operating conditions of passenger train service on 
the Staten Island Railway and the Staten Island Rapid 
Transit Railway, subsidiary companies of the Baltimore 
& Ohio system, are admirably adapted for the use of this 
head-end system. With a view to improving the lighting 
of these cars which have, heretofore, been using oil lamps 
and also to reduce their maintenance costs, electric light- 
ing is now being installed on the entire passenger equip- 
ment. These railroads operate on Staten Island, N. Y., 
the passenger service being exclusively suburban and 
local in character, while the equipment is of smaller size 
than standard steam railroad passenger cars and cannot 
be operated with them. 


Voltage 

The 110-volt, two-wire train line, head-end system has 
been installed, current being supplied from special tur- 
bine-generator headlight equipment mounted on the loco- 
motive. No batteries are emploved. The 110-volt system 
was chosen to permit lighting the cars at the terminal 
point from the station service if it was ever found desir- 
able to do so and further to permit using small size train 
line wires. On account of these cars being unable to 
operate and interchange with other railroad equipment, 
the objection to adopting the special voltage does not hold 
good in this case. 


Turbo-Generators 


The turbine-generator equipments are of special de- 
sien, and are of 2,500-watt capacity, with generators 
wound for 110 volts. There are 24 equipments being in- 
stalled, 12 furnished by the Schroeder Headlight Com- 
pany and 12 by the Pyle-National Electric Headlight 
Company. Views of these generators mounted on the 
locomotive are shown in Fig. 3 and Fig. 4. Separate 
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views of the turbine-generator with their cross-sections 
are shown in Figs. 5, 6, 7 and 8. The capacity of 2,500 
watts was tees on account of the lighting ed of 
the train, the normal maximum length being six cars, 
with an occasional train of eight cars. 


Fixtures 
The cars are equipped with four or five lighting fix- 
tures, depending on the length of the cars, at approxi- 
mately three seat spacing. Standard 60-watt, 110-volt 
tungsten lamps with Holophane, velvet finished reflectors 
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for the lamp circuit as well as for the main train wires. 
By referring to the wiring diagram in Fig. 2, it will be 
seen that the lighting circuit is tapped on the train wires 
in a cast iron switch box located in the main conduit 
going through the saloon. This light circuit consists of 
one No. 14 duplex and is run in the 1-in. conduit con- 
taining the two No. 6 train wires. 


Wiring System—Second Plan 


The plan above described is the one first used, but on 
the last cars wired a different plan was used, which ef- 
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are employed. The fixtures are of the pendant type, de- 
signed primarily for street car service and are mounted 
on condulet fittings, the conduit being located on the ceil- 
ing of the car. There is but a single lighting circuit per 
car, which eliminates the necessity of a switchboard 
panel, a standard condulet type of box with switch and 
cut-out being used instead. A daylight interior view of 
one of the Staten Island coaches, which is equipped with 
five 60-watt fixtures, is shown in Fig. 1, and detail draw- 
ings showing the method of wiring these cars are shown 
in Hig 2. 
Wiring System—First Plan 

By referring to Fig. 2, it will be noticed that the cur- 
rent enters and leaves each car through two special elec- 
tric connectors and connector receptacles located on each 
end of the car under the platform. From there the two 
No. 6 train wires are brought to a junction box through 
¥%-in. conduit and on through the car together in 1-in. 
conduit. This l-in. conduit does not go under the floor, 
but rises at each end of the car and is taken through the 
car interior on the ceiling, forming the conduit system 


Detailed Drawings Showing Method of Wiring the B. & O. Coaches for Electric Lights. 


fected a saving of about $10 a car, in material and labor. 
The essential differences between the first plan and the 
second plan is that with the iatter the main train wires 
were run from one end of the car to the other through 
a 34-in. pipe underneath the floor of the car. The lamp 
circuit taps this train line in a junction box at one end 
of the car and is taken up through the saloon and along 
the ceiling in %4-in. conduit. In this way a considerable 
saving in No. 6 wire was made, some condulets were 
eliminated and in addition it was found that the labor 
charge with this system was less, because of the ease of 
working the %-in. conduit. It is true that an additional 
length of conduit was run the entire length of the car, 
but all things considered, the second system, as already 
mentioned, effected a considerable saving per car. 


Train Connectors 
A special car coupler or car connector for the electric 
circuit has been used, being located below the car plat- 
form. These couplers were manufactured by the Con- 
solidated Car Heating Company and were designed 
originally for use on certain elevated lines in New York 
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for carrying the electric lighting circuits through the 
train. The jumpers are of single conductor type, one side 


of the circuit being run on one side of the car and one on 


the other. The purpose of using a coupler of this gen- 
eral design was to secure a construction in which one end 


Fig. 3. Application of a Schroeder Type 4-J, 2.5 k.w. Turbo- 
Generator on a Staten Island (B. & O.) Locomotive. 


of each jumper is permanently attached to the car wir- 
ing. In this way each end of each car now contains on 
one side a flexible jumper with a plug and on the other 
a receptacle for the plug which is attached to the other 
car. 

The installation cost for car wiring, conduits and fix- 
tures, is approximately $75.00 per car and $210.00 per 


Fig. 4. Application of a Pyle 2.5 k.w. Turbo-Generator on a Staten 
Island (B. & O.) Locomotive. 


locomotive, the latter cost including the turbine equip- 
ment. 

Tests made on these trains show a satisfactory voltage 
regulation, the maximum variation not exceeding’ five 
volts within the normal load of the turbine and working 
limits of the steam pressure. 


Material Used 
The accompanying bills of material show the electrical 
material used in wiring the cars in accordance with both 
the first and second plans as mentioned above. 
Other Installations 
The same general system of head-end lighting is also 
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being installed on two or three trains in local or branch 
line service on the Baltimore & Ohio System. In this 
case the 30-volt system with the standard M. C. B. train 
line jumper connection between cars (Gibb connector) 
has been adopted to conform to the standard train light- 
ing practice. This permits cars equipped with other sys- 
tems of electric lighting, but provided with a standard 
train line, to operate in these trains without interfering 
with the head-end system for the remaining cars and 


Fig. 5. 


The Schroeder Headlight Company’s Type 4-J, 110 Volt, 
2.5 k.w. Turbo-Generator. 


also in case the branch line cars should occasionally get 
into main line service they can be lighted by train line 
connections from an axle generator car. 

When considering the advantages of lighting such sub- 
urban trains by electricity instead of oil, it should not be 
overlooked that the installation of this system not only 
provides electric lights in the cars but also provides elec- 
tric headlights and cab lamps for the locomotives. It 
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Sectional View of the Schroeder Turbo-Generator. 
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is also expected that this system will prove very eco- 
nomical in operation. 


Lamp Renewals 
On the Staten Island Lines it has been found that out of 
a total of 94 cars containing about 470 lamps, only one 
lamp is replaced per day and that from present indications 
the average life per lamp for the service mentioned will 
be about six months. 
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Bill of Material—First Plan 


80 ft. 1” conduit pipe. 

30 ft. 34” conduit pipe. g 

196 ft. No. 6 rubber covered wire. : 
50 ft. No. 14 rubber covered Duplex wire. 
1” conduits, type L. L. 

1” conduits, type L. R. 

1” conduit, type L. B. 

t” plus 1”, type'U. N. 

1! plus 34”, type Ue N: 

1? conduits. type.C. LC: 

1” conduit, type Y. K. C. 

conduits, type Pendant. 

1” plus 34” bushings. 

sets cord couplings. 

4 angle irons 6” plus 4” plus 4%” plus 2%”. 
8 2” plus %” stove bolts. 

22 4” plus 4” stove bolts. 

12 1%” No. 16 wood screws. 

4 1” pipe straps. 

1 cut out and switch No. 701. 

2 15 ampere fuse plugs. 

1 roll friction tape. 

¥% roll rubber tape. 

1% |b. strip ‘solder. 

5 parabola shades. 

5 60 watt 110 volt lamps. 


Bill of Material—Second Plan 


70 ft. 34” conduit pipe. 

50 ft. %” conduit pipe. 

130 ft. No. 6 rubber covered wire. 
56 ft. No. 14 rubber covered wire. 
JL conduletsstyvpe .) 

1%” condulet, type L. L. 

1” plus 34” condulets, type U. N. 
1%” condulets, type C. L. C. 
4” condulet, type Y. K. C. 
condulets, type Pendant. 

1” plus 34 bushings. 

set cond. couplings. 

angle irons 6” plus 4” plus % plus 2%. 
8 2” plus %4 stove bolts. 

22 1%” No. 16 wood screws. 

4 34” pipe straps. 

Z 15 amp. fuse plugs. 

1 cut out No. 701. 

1 roll friction tape. 

% roll rubber tape. 

4 lb. strip solder. 

5 parabola shades. 

5 60 watt 110 volt lamps. 
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Maintenance 


At present the following plan for maintaining the 
electric lights on the Staten Island trains is used: One 
man is regularly assigned to this work and is on duty five 
hours in the morning, from seven to twelve, and for five 
hours in the evening, from seven o’clock until midnight. 
This man goes to the yards near the Clifton shops the 
first thing in the morning and thoroughly inspects all 
turbines and dynamos on the engines which are in the 
yard at the time, making a report of all defects to the 
master mechanic. He then goes to the main terminal at 
St. George and inspects all coaches and engines as they 
arrive. In the evening this inspector remains in the ter- 
minal depot at St. George and sees that all lamps and 
turbine-generators are in operating condition. It is the 
duty of the trainmen to take care of all train connectors. 

An extra turbine-generator set is kept on hand at the 
Clifton shops for emergencies, which can be installed in 
place of one which has been found defective, in 45 min- 
utes by using a block and tackle. Plans are being con- 
sidered to reduce this time to twenty minutes by using a 
small pole and outrigger derrick which will be located at 
a certain point in the Clifton shop yards. 

The first electric lighted train on the Staten Island 
Lines has been in service since about August 1, or for a 
period of about nine months, during which time all parts 
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of the equipment have given good satisfaction. In the 
opinion of railroad officers who have watched its perfor- 
mance, this system of electric train lighting is a success, 
for this particular kind of service. 


The Chicago and North Western 


In August, 1915, a train running between Chicago and 
Aurora, consisting of one combination baggage and 
smoking car, and six coaches, or a total of seven cars, 


Fig. 7. The Pyle-National Electric Headlight Company’s 2.5 k.w. 


Turbo-Generator. 


was equipped with electric lights, the installation con- 
sisting of a standard 1.5.k. w., 32-volt, Pyle National 
turbo-generator mounted on the locomotive, 5 32-volt, 40- 
watt Tungsten lamps in the body in each car and one 
15-watt Tungsten lamp on each platform. 


Fixtures 


The five 40-watt lamps in the body of the car were in- 
stalled in the original gas fixture so that no change was 


Fig. 8. 


Sectional View of the Pyle Machine. 


necessary in the fixture itself other than adapting it for 
the electric light. The two lights over the platform were 
installed in the ordinary manner. With this equipment 
the lighting was not as satisfactory as it should have been 
owing to the variation in voltage caused by the overload- 
ing of the generator. In order to remedy this, 25-watt, 
Mazda C lamps were installed instead of the 40-watt 
vacuum filled lamps. This, of course, cut down the load 
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appreciably but it developed that the intense light from 
the small filament of the Mazda C lamps was objection- 
able. To remedy this defect they were bowl frosted, 
which, of course, cut down the quantity of light and 
again the lights were not satisfactory owing to its insuf- 
ficiency. 


The Turbo-Generator 


Jt was then recommended that for a train of five cars 


Fig. 9. 


Interior View of a C. & N. W. Coach, Showing Electric 
Fixtures. 


or over a larger generator should be used, subsequently 
the locomotive was equipped with a 32-volt, 2,500-watt 
Pyle National headlight turbo-generator. The locomotive 
equipped with this generator was placed in the train 
above mentioned and the 25 watt, Mazda C lamps were 
replaced with the 40-watt vacuum Tungsten lamps and 
the 15-watt lamps were retained over the platforms. 
With this equipment it was found that the voltage re- 
mained practically uniform and since the installation of 
the 2,500-watt equipment there have been no complaints 
whatever. On the contrary the lighting has invariably 
been reported as satisfactory in all respects. 

It will be noticed that from the above tabulation of 
lamps in the car, that the load was 230 watts per car. An 
interior view of one of the Chicago & North Western 
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the car was turned the parts would come together in their 
proper relation. The connectors used were made by the 
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Minutes. 

While Lighting One Car Taking a Constant Current of 15.7 Am- 

peres, and While Generating a Normal Voltage of 110. All Read- 

ings Are Reduced to 32 Volt Standard and Curves Show the Same 

Relative Increase or Decrease in Per Cent of Full Normal Voltage. 

Steam Very Wet. 


Raleo Manufacturing Company of Chicago and are so 
arranged that there are no live parts exposed at any time. 
Other Installations 
In addition to the above installation the Chicago & 
North Western has recently installed electric lights in 
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Fig. 12. Results of a Test Similar to the One Mentioned In 
Fig. 10, Except That the Load Consisted of 10 Cars Taking a 


Constant Current of 78.4 Amperes. 


two trains on their Northern Iowa division running be- 
tween Eagle Grove and Fox Lake and between Elmore 
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_ coaches, which is equipped with electric lights in the 
made-over gas fixtures, is shown in Fig. 9. 


Method of Car Wiring 


The method of wiring the cars for electric lights may 
be described as follows: Two No. 2 wires, rubber cov- 
ered, double braid, were carried in conduit underneath 
the cars and run to proper connectors at either end of the 
car under the platform. Two, two-wire connectors were 
placed at each end of the car so that no matter which way 


and Lake Crystal, Minn. These trains consist of three 
cars, each wired in the same manner as described above 
with the exception that the old oil lamps were remodeled 
to take electric lamps. In this installation the standard 
Pyle 1-kw. headlight generating set is used and when 
making tests on these trains it developed that, with the 
incandescent lamps used in the headlight proper, it would 
be possible to light a train of from four to five cars sat- 
isfactorily and, with the arc headlight burning, it would 
be possible to light three or possibly fotr cars, 
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Tests 

Voltage reading taken on the seven-car train running 
between Chicago and Aurora with both the 1.5 kw. and 
the 2.5 kw. Pyle headlight generators are given in Figs. 
13 and 14. These curves show that the maximum drop 
in voltage between the first and last cars is approximately 
four volts which compares favorably with the voltage 
drop obtained with the three-wire system used on the 
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haust pipe was 2 inches and a test steam gage, with a 
range of zero to 300 lb., was applied to the turbine valve. 
Variations in steam pressure were accomplished by a 
hand operated reducing valve in the steam supply-pipe 
and the speed indicator was applied to the turbine end of 
the shaft. It will be noticed that the curves in Fig. 10 
are results of a test with a one car load while those in 
Fig. 12 are results of a test with a 10 car load. 
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Voltage Readings Taken on the Same Train Referred to in Fig. 13, After the 1.5 k.w. Generator Was Replaced with a Larger 


Machine of 2.5 k.w. Capacity. 


longer first-class trains. For this reason, it seems that the 
use of a two-wire train line in installations of this kind is 
justified especially when the saving in first cost of wiring 
the cars is considered. 


Effect of Varying Steam Pressure 


Some curves showing the effect of varying the steam 
pressure upon the generator speed and generator voltage 
under various loads are shown in Figs. 10 and 12. These 
tests were made with a 110-volt turbo- -generator of 2.5 
kw. capacity but all readings have been reduced to a 32- 
volt standard so that the curves show the same relative 
increase or decrease in per cent of full normal voltage as 
would be obtained if the generator was wound on 32- 
volts instead of 110 volts. The steam supply-pipe, con- 
nected to the turbine under test, was 34 inches, the ex- 


It is the opinion of the railroad officers who are in 
charge of this equipment that this headlight system of 
train lighting is extremely efficient and can be used in 
many instances but as to whether it is adapted to all classes 
of suburban and branch lines service or not remains 
an open question. For the classes of service already 
mentioned, however, including suburban and branch line 
runs this system of train lighting has been very successful 
when properly installed. 

The evident advantages of this system of electric train 
lighting are: economy of maintenance and operation, 
more and better light, and cleaner cars due to entire 
absence of oil and smoky lamps. Another advantage is 
that only one generator unit is used which does not 
require battery auxilliary for the stops. This is one 
reason for the low maintenance costs. 
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Transformers 
J. H. Wickman* 


KIX 


Thus far under the subject of transformers only those 
that are used for lighting and power work have been 
considered, but under this head it is desired to explain 
the different types of special transformers that may be 
classified as follows: 


1—Potential transformers, 
2—Current transformers, 
3—Constant current transformers, 
4—Subway transformers. 


Potential Transformers 


Potential transformers are used to reduce the bus-bar 
or line voltage to a value suitable for standard switch- 
board or other instruments and to insulate the meters 
from the high potential circuit. As they are principally 
used in connection with measuring instruments, they are 
designed for extreme accuracy, and as they constitute a 
barrier between the line, or bus-bar and the switchboard 
attendant they are also designed with high insulation. 


Fig. 60. 2,200-Volt Potential Transformer with Fuses. 


Potential transformers are similar to the power trans- 
formers, already covered in these articles, in construc- 
tion and connection details. 

Some of the potential transformers manufactured by 
the General Electric Company are shown in Figs. 60, 61 
and 62. The transformer shown in Fig. 60 is known as 
Form E-2 and is designed for voltages up to and includ- 
ing 2,200 volts. Form E transformers are of new design, 
are of 50 and 200-watt capacity and supersede the old 
transformers with the marble base. They represent the 
latest improvement in potential transformer design and 
show improved ratio accuracy and small phase angle dis- 
placement. These 2,200-volt transformers are equipped 


*General Foreman, Electric Department, Illinois Central, Chicago. 


with primary fuses and fuse holders, shown in Fig. 60. 
Transformers of this type which are equipped with pri- 
mary fuses and fuse holders are known as Form E-2 and 
transformers without fuses are knownas Form E-1. For 
voltages below 2,200 volts primary fuses are not fur- 
nished with the transformer and these are also known 
as Form E-1. The 3,300 and 4,400-volt transformers, 


Fig. 61. 3,300 and 4,400-Volt Potential Transformer. 


as shown in Fig. 61, are furnished on marble bases. 
These transformers and all transformers above 2,200 
volts are furnished in 200-watt capacity only. All po- 
tential transformers for voltages above 6,600 are all in- 
sulated and have cast iron tanks and large insulator 


Fig. 62. 11,000 to 24,600-Volt Potential Transformer. 


terminals which carry the fuses with barrier between. 
A transformer of this type for 11,000 to 24,600 volts is 
shown in Fig. 63. 
Special Instructions 
1—Special care should always be taken to ground the 
case or frame of all potential transformers. 
2—A wire of sufficient size should always be used so 
that the drop in the connection between the trans- 
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former and the instruments will be negligible; 
otherwise the readings of the instruments would 
be affected. 

3—Great care should always be exercised when re- 
placing the primary fuses so as not to get a short 
circuit or start an arc. 

4A sure way to tell that the primary fuses have 
blown is to see if there is any voltage across the 
secondary terminals of the transformer, at the 
transformer itself, with a portable voltmeter or a 
lamp. If the lamp does not light, or if the volt- 
meter does not show any reading, it is almost cer- 
tain that the primary fuses are blown. The switch- 

board attendant will always know that something 

is the matter in a case of this kind, as the switch- 
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Fig. 63. Wiring Diagram of a Single-Phase Wattmeter Connected 
to a Single-Phase Circuit Through One Potential and One Current 
Transformer. 


board instruments will not show any indications, 
with the exception of the ammeters. 

5—Special instructions for the installation of these 
transformers, which are sent out with them, should 
always be followed to insure good operation. 

6—There are no complicated connections with these 
transformers. The primaries are connected di- 
rectly across the bus-bar or lines, and the second- 
aries are carried out in a simple two-wire system. 

7—Many companies require one side of the secondary 
to be grounded so as to give even greater protec- 
tion to the switchboard attendants. 


Connections 

A wiring diagram of a single-phase circuit that would 
require a potential and current transformer is shown in 
Fig. 63, while Fig. 64 shows the connections necessary 
for two potential transformers connected open delta for 
use on a three-phase circuit. In both cases it will be 
noted the primary coils are connected across the line, and 
the secondaries are in this case run to a watt meter; how- 
ever, the secondaries are used in connection of different 
instruments, such as the voltmeter, power-factor indica- 
tor, frequency meter, etc., which will be taken up later 
under meters. 


Current Transformers 

Current transformers are designed and used for two 
purposes, namely, to reduce the line current to a small 
value suitable for measuring instruments and to insulate 
the meter circuit from the high potential circuit. The 
construction of the current transformer no doubt re- 
quires more accuracy than any other type of trans- 
former. It is composed of a primary and secondary 
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winding, and a very small amount of laminated iron is 
used as compared with any other type of transformer, 
and in fact the ideal current transformer would be con- 
structed without iron. There are few turns only in the 
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Fig. 64. Wiring Diagram of a Polyphase Wattmeter Connected 
to a Three-Phase Circuit Through Two Potential and Two Current 
Transformers. 


primary winding, and in some cases only one turn, which 
is a large diameter wire or copper strap, while the sec- 
ondary is made up of many turns of smaller sized wire, 
usually of a No. 10, round or strap wire. The ratio of 
turns in the primary and secondary required in the cur- 
rent transformer are an exact multiple of each other— 
that is, if there are two turns in the primary and the 


Fig. 65. Form K6 Current Transformer for 2,500 Volts, Capacity 


15 Volt-Amperes. 


ratio is 40 to 1, there would be 80 turns in the secondary 
winding. 

All manufacturers of current transformers do, by 
agreement through different societies, color the leads 
entering both the primary and secondaries—that is, one 
end of each of the primary and secondary may be marked 
red and the opposite end on each may be painted white. 
This is done to show the instantaneous direction of flow 
of current through the secondary with reference to that 
of the primary and when connecting two or more current 
transformers, as in Fig. 64, if the two ends that are 
marked red be connected so they face the load side, the 
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secondary red ends also must be kept in the same relation. 
Current transformers are used wherever the voltage 


of a circuit exceeds 1,000 volts and although the second- 


ary is usually designed to carry only 5 amperes at full 
load, the instruments connected to it are calibrated to 


Fig. 66. Form K28 Current Transformer for 2,500 to 15,000 Volts, 


Capacity 40 Volt-Amperes. 


indicate the main line current or power as the case may 
be. 

Current transformers, like potential transformers, are 
of two types, namely, dry and oil insulated. 


Dry Type 
The dry type current transformer resembles the dry 
type potential transformer and is composed of two coils, 
primary and secondary. The primary coil is always con- 


nected in series with the main line and is at the main 
line voltage. It should, therefore, be treated as part of 
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Fig. 67. Connection Diagram Showing an Ammeter Connected to a 
Single-Phase Circuit Through One Current Transformer. 


the high potential system. This type is used on circuits 
carrying voltages of 15,000 and less. 

Two current transformers manufactured by the Gen- 
eral Electric Company are shown in Fig. 65 and Fig. 
66. The transformer shown in Fig. 65 is known as Form 
K-6, and being of low capacity should not be used with 
watt-hour meters when the secondary connected load is 
greater than 15-volt amperes. A similar transformer 
known as Form K-5 for 2,500-volt circuit may be used 
in connection with any combination of instruments, me- 


ters, etc., the combined load of which does not exceed 


40-volt amperes. The K-6 transformer is designed espe- 
cially for installation involving only ammeters or relays. 
The transformer shown in Fig. 66 is known as Form 
K-28 and may be used on circuits up to 15,000 volts. 
Like the Form K-5, it is rated at 25-125 cycles and has 
a five-ampere secondary winding and may be used in 
connection with any combination of instruments, meters, 
etc., the combined load of which does not exceed 40-volt 
amperes. 
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Oil Type 

The oil type current transformer is used on very high 
potentials such as 33,000 to 140,000 volts and above. Its 
purpose and design is the same as the dry type, with the 
exception that the coils are immersed in a case filled with 
transil oil. This type of transformer is designed with 
high insulated bushings at the top which carry both of 
the primary connections, while the secondary connec- 
tions are at one side of the case. 

An outdoor type of oil current transformer is built 
with the insulating bushings composed of material like 
high tension insulators, and resembles several of these 
piled on top of each other. This outdoor type is generally 
placed on a platform located on a pole and used to oper- 
ate trip coils to sectionalize the lines in case of trouble, 
or to be connected to measuring instruments for branch 
lines. 


Ratios 


Current transformers designed for a low secondary 
current, must have very high ratios between the primary 
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Fig. 68. Connection Diagram Showing Two Ammeters Connected 
in a Two-Phase Circuit Through Two Current Transformers. 


and secondary turns in the windings. Thus a line that 
carries 800 amperes through the primary and has a 5 
ampere secondary, must have a ratio of 160 to 1; that 
is 800 amperes in the primary and 5 amperes in the sec- 
ondary circuit. 

The ratios of current transformers vary widely, the 
following being in general use: 1 to 1, 5 to 1, 10 to 1, 
16 to 1, 20 to 1, 60 to 1, 80 to 1, 160 to 1, etc. 


Operation 


The current transformer, after being installed accord- 
ing to the directions always sent out with them, requires 
very little attention other than keeping it clean. The 
connections of the primary, as heretofore stated, is a 
series connection and likewise of the secondary circuit, 
which is always run so that all instruments connected 
to it have their current coils connected in series. 

The secondary of the transformer must never be left 
open circuited. If for any reason it becomes desirable 
to remove a meter or open the secondary circuit, the 
secondaries should be short circuited at the transformer, 
while making the changes; or if the transformer is not 
very accessible a jumper can be put on so as to never 
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leave the circuit open. These transformers are always 
shipped from the factory with the secondary short cir- 
cuited by a piece of copper or a wire, and this short cir- 
cuiting device should be left on until the secondary circuit 
is run and the attendant is sure everything is closed cir- 
cuited before removing. 

When installing current transformers one side of the 
secondary circuit should always be grounded and most 
manufacturers send out a special grounding device with 
each transformer. 

Wire smaller than a No. 10 or No. 12 should not be 
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v 
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Ground Ground 
Fig. 69. Diagram Showing Three Ammeters Connected In a 
Three-Phase Circuit Through Three Current Transformers. With 


Balanced Loads Only Two Transformers Are Necessary, Connected 
as in Fig. 64. Two of the Ammeters are Connected in Place of the 
Current Coils of the Wattmeter Shown, the Third Ammeter Being 
Connected in the Neutral (Grounded) Secondary Return Lead. 


used in the secondary circuit on account of the mechan- 
ical strength and resistance, the latter affecting the in- 
strument correctness 1f resistance is introduced exceeding 
about one ohm. 

Caution 


Current transformers should always be considered as 
part of the line circuit and should never be handled ex- 
cept to make necessary changes, even then only the sec- 
ondary lead should be touched. 

When it is necessary to change the secondary leads 
for any reason, the ground connection should always 
first be inspected to make sure that it is intact before 
making the changes. If a current transformer is in- 
stalled where an attendant might come in contact with 
it, it should be surrounded by a protective case. 


Connections 

The diagram shown in Figs. 63 and 64 show the two 
principal connections of current transformers when used 
with watt meters. Fig. 63 shows one current trans- 
former used on a single phase circuit while Fig. 64 shows 
a three phase circuit. It should be remembered that any 
unbalanced three phase system would require two cur- 
rent transformers and two potential transformers as 
shown for the polyphase meter. A two phase system 
also requires one of each connected to each phase and 
may be thought of as two separate single phase circuits. 
The method of connecting ammeters and the number of 
transformers required for the different services are 
shown in Figs. 67, 68 and 69. 
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Attention is called to the fact that sometimes meters 
are not calibrated to indicate main line current and in 
such cases the meter readings should always be multi- 
plied by the ratio of the transformers supplying the 
meters. For example, if a current transformer with a 
ratio of 160 to 1 and a potential transformer with a 
ratio of 20 to 1 were used with a recording watt meter, 
it would be necessary to multiply the watt meter read- 
ings by 160x20 or 3200 to get the correct amount of 
power used. 


Portable Current Transformers 


A portable current transformer, as the name implies, 
is one that can be carried from place to place for check- 
ing up branch circuit currents. The portable trans- 
former has but one winding; namely, the secondary 
winding. It is constructed in such a manner that it re- 
sembles a ring which can be opened and passed over the 
primary line which acts as the primary winding with 
one turn. This induces a current into the secondary cir- 
cuit which is connected with an ammeter specially de- 
signed and calibrated for this transformer. 


A New Transformer Oil 


Lectroseal: (L. S.) oil is a new grade of insulating 
transformer oil recently introduced by the Westinghouse 
Electric & Manufacturing Company. This oil has its 
chief application as an insulating and cooling medium for 
use with all classes of oil insulated distributing and power 
transformers. It is also used with such apparatus as in- 
duction type feeder regulators and electrolytic: hghtning 
arresters. ; 

Lectroseal is a pure mineral oil, obtained by the frac- 
tional distillation of petroleum, and is free from moisture, 
acid, alkali and sulphur compounds. As an insulating 
medium, it has a high dielectric strength. The average 
breakdown test is said to be 40,000 volts on a .15 in. gap 
between spheres 4 in. in diameter. As a cooling medi- 
um, it is claimed that this is particularly well adapted, the 
viscosity being very low (approximately 36 at 40° C,, 
Saybolt method). Consequently, the oil will circulate 
rapidly and transfer the heat quickly from the transformer 
or other apparatus to the walls of the tank. 

If water should accidentally enter a transformer tank, 
it should sink to the bottom of the tank as quickly as pos- 
sible, as a small percentage of water thoroughly mixed 
with the oil reduces its dielectric strength very rapidly. 


‘Various grades of oil differ greatly as to their ability to 


separate from water with which they have been mechani- 
cally mixed, but Lectroseal oil, it is claimed, possesses this 
quality in a marked degree. 

The other characteristics claimed for Lectroseal oil, 
such as freedom from deposit, satisfactory flash and fire 
point, low rate of evaporation and light color, would in- 
dicate that this is practically ideal for the purpose for 
which it is intended. 


The Standard Underground Cable Co. 


The Standard Underground Cable Company has re- 
cently opened a new branch office at 704 Wilkins Build- 
ing, Washington, D. C. Mr. Edward Kerschner, for- 
merly with the Philadelphia office, is in charge of the 
new office. 
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Lesson No. 52 


The Stone-FranKlin Car Light- 
ing System 


The Stone system of electric car lighting so extensively 
used in Canada, Europe and other foreign countries is 
now being introduced in the United States by the Frank- 
lin Railway Supply Company in its improved form, under 
the name of the Stone-Franklin Car Lighting System. 

The fundamental principles of this new equipment are 

identical with those of the Stone equipment as operated 
abroad. New construction details have been embodied 
in the Stone-Franklin equipment, however, some of 
‘which were suggested by experience with approximately 
70,000 equipments operating in every part of the world 
under widely varying conditions and others which were 
found necessary to adopt the new equipment to the 
standards of American practice. 

The generator of the Stone-Franklin equipment is 
suspended from the car body similar to the original 
method of mounting all Stone equipments. The slipping 
belt principle of controlling the generator output, which 
is used with this equipment, permits the use of a gen- 
erator which always operates at the speed for which it 
-was designed, which naturally results in the generator 
operating under as. near perfect electrical conditions as 
can be obtained in electric car lighting service. Due to 
the fact that this generator does not follow the speed 
of the train, the full-output speed has been raised slight- 
ly with a resulting reduction of weight and bulk with 
any given kw. capacity. This is easily understood from 
the above mentioned fact that the generator will never 
exceed its minimum full-output speed regardless of train 
speeds, and yet this generator under ordinary operating 
conditions is the lowest speed car lighting generator 
used. 


Output Control 


The usual way of controlling the output of an axle 
generator in this country is to provide an automatic 
mechanism that will vary the field current to compen- 
‘sate for the various changes in train speeds, the genera- 
tor meanwhile follows the train speed in all its varia- 
tions, as there is an initial high belt tension which is 
‘maintained by springs to prevent slipping. The Stone- 
Franklin system, however, as we have already men- 
‘tioned, controls the generator output with the slipping 
belt principle. -By this method the belt tension 1s obtained 
by allowing a portion of the weight of the machine to 
rest on the belt, and the amount of this tension can be 
varied by moving the point of dynamo suspension toward 
or from the driving axle by a tension screw in the sus- 
pension link which will evidently cause a greater or less 
proportion of the weight of the dynamo to be borne by 
the belt. 


Output Indicator 

The angular position of the machine as it hangs against 
the belt thus determines the amount of belt tension and 
therefore the generator output. This angular position is 
translated into terms of electrical output by an output- 
indicator, located on the generator terminal block. This 
indication enables the maintainer to adjust the belt ten- 
sion for any desired output while the machine is at rest 
in the yards, thus making an ammeter test on the road 
unnecessary. 


‘hhe Principle of Slipping Belt Control 


When the train starts up, with a definite proportion of 
the dynamo weight lying in the belt, thereby causing a 
predetermined belt tension, the generator will quickly 
build up to normal voltage. After the automatic cut-in 
switch has closed, current will be delivered to-the exter- 
nal circuits, lamps, batteries, etc., and the output will 
increase until the torque or turning effort of the arma- 
ture becomes such a quantity that the belt, in endeavor- 
ing to turn the armature, will pull the machine towards 
the driving pulley thereby shortening the distance be- 
tween pulley centers to such an extent that the belt will 
begin to glide or slip over the armature pulley. The 
armature will then continue to rotate at this predeter- 
mined speed, delivering a predetermined watt output re- 
gardless of the increase in train speed. 

From the above it can readily be seen that the torque 
and the weight lying on the belt are the governing fac- 
tors which determine the quantity of output delivered by 
the generator over and above a predetermined train 
speed. In this manner an important and probably the 
most interesting question of controlling the output of a 
generator driven from a source of variable speed is solved 
mechanically and permits the generation of current under 
correct electrical conditions insuring perfect commutation 
and electrical stability with all train speeds. To the un- 
initiated the great accuracy and reliability of this control 
together with the remarkable belt life obtained is most 
surprising. This intricate problem of controlling the out- 
put of an axle generator will be covered in detail in a 
future lesson. A peculiar and desirable feature of this 
method of regulation of the generator output provides 
for a charging current which tapers sufficiently to pre- 
vent destructive overcharging. 


Lamp Voltage Control 


With the Stone-Franklin equipment the standard bat- 
tery capacity is divided into two equal parts. The chief 
reason for this arrangement is to eliminate the use of an 
electrically controlled lamp voltage regulator. When the 
lamps are switched on, and the generator is operating, 
one-half of the battery receives a charge while the other 
half is connected directly in parallel with the lamps and 
serves to stabilize the lamp voltage. The lamp current, 
however, is supplied from’ the generator through a suit- 


398 RAILWAY 
able lamp resistance. As the train slows down, the two 
batteries will automatically take up the lamp load in par- 
allel, and in this manner the full storage capacity is avail- 
able for lighting purposes when the generator is inopera- 
tive. This feature will be fully described in one of the 
following paragraphs. 

An automatic battery change-over switch alternates the 
two battery units as regards their electrical position in 
the system every time the train starts. This insures that 
a newly charged battery is always floating across the 
lamps with the result that the lamp voltage is kept at its 
constant and proper value. By means of this automatic 
battery change-over switch an equal state of charge of 
the two battery units is insured. In the daytime the 
switching off of the lamps short circuits the resistance 
and the generator charges both batteries in parallel. 

Following is a complete detailed description of the 
fundamental principles of the Stone-Franklin car lighting 
system. The mechanical details and the maintenance of 
this equipment will be described in the future lessons. 


Fundamental Principles and Theory 
The essential component parts of the Stone-Franklin 
Car Lighting Equipment are: 
A generator. 
A battery divided into two equal units. 
An automatic cut-in and out switch. 
A lamp resistance. 
A main light switch. 

With these few parts electrically connected, as shown 
in Fig. 1, the demands of a modern car lighting system 
are fulfilled. In order to thoroughly understand the elec- 
trical operation of this equipment, it will perhaps be ad- 
visable to follow carefully through the schematic dia- 
gram, Fig. 1, which shows the electrical circuits in their 
simplest form. . 

When the train starts up the generator voltage builds 
up and at the predetermined value, usually 32 volts, the 
automatic cut-in and out switch closes the circuit between 
the generator and external circuits consisting of batteries 
and lamps. The current from the generator is kept in 
uniform direction by the specially designed pole changer 
indicated on the diagram by switches P—P. 

When the lamp switch is in the “on” position the dis- 
tribution of the generator current is as follows: A por- 
tion of the current known as the charging current for 
battery A flows from common positive through battery A 
to common negative, returning to the generator. An- 
other portion flows from common positive through the 
lamp resistance to the lamps and on to common negative, 
returning to the generator. The introduction of the lamp 
resistance reduces the voltage of that portion of the gen- 
erator current flowing from common positive through the 
lamps to the required lamp voltage. 

By referring to Fig. 1 it is evident that battery B is 
connected directly in parallel with the lamps and in this 
manner the lamp voltage is kept steady, regardless of the 
current flowing through the lamp resistance. The fact 
that the lamp current, which is supplied by the generator, 
is reduced to the correct lamp voltage by means of the 
lamp resistance, makes it evident that this stabilizing or 
regulating battery B cannot receive a charge nor will it 
discharge any current during the time the generator is 
operative, provided battery A is fully charged. This is 
because the lamp resistance is so calibrated that it will 
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allow the full lamp current to pass from the generator to 
the lamps, only at a time when the voltage of battery A 
has risen to its maximum or full-charge value of about 
40 voits. When the voltage of battery A is less than 40 
(indicating that it is not fully charged) part of the lamp 
current is furnished by the stabilizing battery B as will 
be explained further on. When battery A is fully charged 
and its voltage is up to its correct value of about 40 volts, 
it can readily be seen that the voltage across the lamp re- 
sistance is equal to the difference between the voltage of 
battery A and the lamp voltage, and when this difference 
of voltage is at its maximum the battery A is fully 
charged and at such time the full lamp current can pass 
from generator to lamps. 

It will be understood that the charging current to bat- 
tery A is-a variable quantity, depending on the state of 
charge of this battery. As this battery nears a state of 


AUTOMATIC 
CUT IN ROUT SWITCH GENERATOR 
Fig. 1. Simple Schematic Diagram of Connections for Stone— 


Franklin Car Lighting System. 


full charge, so a greater portion of the current passes. 
through lamp resistance to the lamps due to the increase 
of voltage at common positive. If, however, the voltage 
at common positive is below 40, due to the battery not 
being fully charged, it is evident that the lamp voltage 
would be cut down correspondingly if it were not for the 
fact that the regulating battery B is connected immedi- 
ately across the lamps and, therefore, keeps the lamp 
voltage constant and up to its proper value. It is also 
evident that any current supplied by the regulating bat- 
tery B under such conditions is subtracted from the cur- 
rent coming from the generator to the lamps through the 
lamp resistance and, therefore, the voltage drop across. 
this lamp resistance is reduced. In this way the voltage 
at the lamp side of the resistance is maintained constant 
by an automatic variation in the lamp current going 
through it. 

From this description it is evident that the battery A 
receives a decided taper charge because as the generator 
voltage increases, the greater is the amount of lamp cur- 
rent furnished by the generator, with a consequent reduc- 
tion of charging current. This is further augmented by 
the principle of generator output control—the slipping 
belt, which results in constant watt output and, therefore, 
a reduction of charging current as the voltage increases. 

It can further be seen that excellent lamp voltage must 
be obtained without any electrically operated lamp regu- 
lator, and any vibration on the part of the train cannot 
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have the slightest effect on the lamp voltage since the 
connections are permanently fixed and no variable resist- 
‘ance is interposed between the lamps and the supply. 
Flickering of the lights is, therefore, eliminated under all 
conditions. 

When the train stops, resistance switch at C, Fig. 1, is 
automatically closed and the two batteries then furnish 
current to the lamps in parallel and in this way the full 
storage capacity of both batteries is available. As a re- 
finement of lamp voltage regulation on the actual equip- 
ment, only a portion of the lamp resistance is usually 
short circuited by the switch C, so that the battery, last 
charged and therefore at a slightly higher voltage than 
the regulating battery, will send current to the lamps 
through a very small amount of lamp resistance, which 
is usually called the “balancing resistance.” 

It is evident that the Stone-Franklin equipment can 
operate in any given local service with a very low genera- 
tor output, due to the fact that only a comparatively small 
current is required to form the proper charge rate for 
battery A, while if both batteries were combined in a 
single battery of equal capacity it would be necessary that 
the system be equipped with a generator capable of fur- 
nishing twice the charging rate necessary with the Stone- 
Franklin equipment. 

The actual equipment is furnished with an automatic 
change-over switch which alternates batteries A and B 
with reference to their electrical position in the system 
every time the train starts and in this manner a fully 
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charged battery is always connected across the lamps, 
insuring constant lamp voltage at its proper value. This 
automatic switch further insures equal state of charge of 
the two batteries. This has been tested out in many in- 
stances with ampere hour readings in each battery, which 
at the end of long runs and after a prolonged test period 
have always indicated an equal state of charge of the 
batteries. 

The switching off of the lamps automatically short cir- 
cuits the lamp resistance and therefore parallels the two 
batteries which are then being charged as one unit. This 
would be shown in the diagram with the lamp switch in 
the “off” position. 

It is, of course, understood in cases where there are 
numerous banks of lamps, the lamp resistance can be 
made up in any required portions and introduced or 
switched in or out of circuit as the lamps are being 
switched on or off. In other words, a resistance can be 
furnished for each lamp circuit, with the result that such 
a system provides for unlimited flexibility. 

As an evidence of the close lamp regulation obtained 
with this system it is interesting to know the results of 
tests taken in this country with cars having a number of 
lamp circuits and individual control varying the lamp 
load from 57 amperes down to 7 amperes. The lamp 
voltage in this case did not vary more than .4 of a volt, 
including stopping, acceleration of train up to 80 miles 
an hour and stopping down, over a distance of over 300 
miles during which the test was taken. 
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A Compressed Air Gasolene Spray The apparatus is simple to make and inexpensive. An 


It is often necessary to clean accumulations of dust and 
grease from the current carrying parts of axle light 
generators and for this purpose we have fitted up a com- 
pressed air and gasolene spray cleaning apparatus as 
shown in the accompanying sketch, for use at our Fifty- 


first street coach yards. This apparatus is effective and- 
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saves a lot of time in performing this work. The air 
hose is attached to air connections which are placed every 
100 ft. on the sidewalk in the yards and the air valve is 
opened a little to permit some air to blow through. This 
creates a vacuum at the gasolene nozzle in the pipe junc- 
tion which draws some gasolene from the can. The 
gasolene, when mixed with the air, forms a spray similar 
to the action of an atomizer. 


old water hose about 50 ft. long is fitted with an air 
coupler on one end. The other end is equipped with 
the spray mixer head illustrated in the sketch, which is 
simply made up by inserting a %-in. pipe L into a 1-in. T 
fitted with the proper nipples and reducer. The L is 
connected to the gasolene supply. The reduction of 
effective air pipe space at the point where the gasolene 
pipe nozzle ends increases the speed of the air flowing 
through and creates the vacuum which draws up the 
gasolene from the tank below. 
Joun L. OuMan, 
Electrician Foreman, Chicago & Western Indiana. 


Improved Method of Mounting Screw Top Dry Cell 
Holder 


Having had considerable trouble with the Patterson 
screw top dry cell holder which allowed the cells to shake 
loose and fall out with the vibration of the car, thus 
weakening the bell current or putting the bells out of 
order, we tried the following stunt. The holder was re- 
moved, the hinges, by which they are fastened to the 
locker, were taken off and L-shaped brackets made of 
1 by %-in. iron were applied instead. When we reap- 
plied the holder we reversed it as shown in the sketch so 
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that the dry cells stood in it instead of being suspended 
as they were originally. In this way, the weight of the 
dry cells keeps them from working loose in their holder 
with the result that they are always tight. The brackets 
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were made of such dimensions as to bring the dry cells 
about 14 in. from the steel locker, thus avoiding any 
possibility of a ground caused by a cell rubbing against 
the steel. 
1225: NOBLE. 
Pullman Company, Chicago, IIl. 


A Battery Flushing Outfit 
The battery flushing outfit shown in the accompany- 
ing sketch is used by the Chicago & Western Indiana at 
the Fifty-first street coach yards. It is high enough so 
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that about one-half of the contents of the barrel flow 
into the battery by gravity. After that an air pressure 
hose is attached to the nearest air connection in the yard 
and the remainder of the water is then forced out. The 
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“4ir Connection 


pressure reducing valve limits the air pressure to an 
amount suitable for forcing the remaining water into 
the battery. If it were necessary to store air under full 
pressure in the tank, the pressure reducing valve would 
be placed between the air tank and the barrel and the air 


hose would be connected direct to the tank. 


Joun L. OnMaAN, 
Electrician Foreman, Chicago & Western Indiana. 


mination of Pullman Cars 


Standardization of a New Fixture 
Using a 100-Watt Gas-Filled Lamp 


D. Woodhead and A. L. Arenberg 


Since the introduction of the vacuum tungsten filament 
lamp, increased attention has been given to the illumina- 
tion of railway cars. Because of its high efficiency, engi- 
neers and designers immediately realized its possibilities, 
and a careful study was made of the requirements for a 
satisfactory system, both from the standpoint of the pub- 
lic and the company owning or operating the cars. A 
car lighting system in order to meet the requirements of 
the public must provide sufficient light, prevent eye strain, 
and at the same time present a pleasing appearance. In 
addition to the foregoing, the owning or operating com- 
pany requires that a lighting system be economical to 
operate, economical to install, and adequate to insure the 
safety of passengers. 


Intensity Required 

In arriving at a minimum intensity of light which will 
provide sufficient illumination, various foot candle values 
have from time to time been considered. When design- 
ing a railway car lighting system operating from a 32 
volt system, consideration must be given to the fact that 
at times the voltage on the lamps may drop as low as 28 
volts ; that there may be further loss in efficiency of 10 % 
to 15% due to dust gathering, and a decrease in output 
from the lamp which may be as much as 20% before it 
is discarded. A drop in intensity to 50% of normal 
would therefore occasionally occur. If it is desired to 
have a minimum intensity of 2% F.C. on a 45 degree 
reading plane, the average horizontal intensity when the 
equipment is in first-class shape, and the voltage up to 
normal, should be approximately 7-foot candles. 


Eliminating Eye Strain 

Eye strain may be caused by insufficient light, heavy 
shadows, uneven illumination, points of high intrinsic 
brilliancy in the field of vision, or decided contrasts in 
illumination to which the eye must adapt itself. 

In attempting to eliminate eye strain in car interiors, 
it is necessary to remove the chief causes, such as bare 
lamps with bright filaments placed in the field of vision, 
insufficient light, and extreme contrasts. It is hardly 
necessary to say that bare lamps should not be used ex- 
cept with some form of shade which will cover the bright 
light source to such an extent as to make it impossible to 
see the filament from the ordinary field of vision. This 
shade may be of a dense opal glass open at the bottom, 
or, if possible, a bowl completely inclosing the lamp. 
Much may be done to eliminate eye strain by mounting 
the car fixtures as close to the head lining as possible, 
thereby allowing only the distant fixtures to come within 
the range of vision. Extreme contrasts in intensities can 
be prevented to a great extent by properly distributing 
the light on the plane of illumination and by using a light 
colored finish on the interior of the car, particularly the 
head lining. There should be few glazed surfaces in 
order to avoid unpleasant glaring effects which result 
from specular reflection. 


Appearance Considerations 
From the standpoint of the public the appearance of a 
lighting installation governs to a considerable extent its 
success. Regardless of what the results may be, an in- 
stallation that is unsightly or gives a depressing effect, 
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is never a success. It is for this reason that opaque 
_ reflectors are very rarely employed in car lighting, the 
preference generally being towards the use of diffusing 
glassware in order to brighten the upper part of the car. 


Maintenance Costs 
In the selection of a system from the viewpoint of the 
car owner or operator, the cost of maintenance becomes 
the all important item. This expense begins immediately 


Fig. 1. Interior View of Standard Pullman Car Showing New 


Fixtures. 


when the car is put in service, and continues as long as 
the car is in use. It is, therefore, essential that this cost 
be kept as low as possible in order to secure the greatest 
returns on the investment. The principle items affecting 
the cost of maintenance are lamp replacements and fix- 
ture cleaning. The use of a single unit fixture in prefer- 
ence to a multiple unit is by all means to be urged. The 
cost of one lamp of large wattage is usually less than the 
combined cost of several smaller lamps of an equal total 
wattage. In replacing lamps it is necessary to install only 
one lamp instead of several. The cleaning of a single 
unit fixture may be accomplished in proportionately less 
time and the breakage on glassware is greatly reduced. 


First Cost 

The question of wiring. is one which affects the first 
cost. The greater the spacing of the fixtures, and the 
fewer the outlets, the lower will be the installation cost ; 
but the spacing must not be too great if uniformity of 
illumination and lack of shadow are to be secured. The 
cost of lighting units is affected by the number of holders, 
shades, sockets, etc., that are used, and consequently, a 
single unit fixture can be generally secured at a reason- 
able first cost. 


Use of Tungsten Lamps 
In considering the various ways in which the tungsten 
lamp may be used, it will be remembered that at first the 
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lamps, either clear or frosted, were placed in fixtures 
without diffusing glassware or shades of any type. Due 
to the characteristic distribution of the light from a 
tungsten lamp a great deal of it was wasted on the dark 
decks and sides of the car, only a small percentage reach- 
ing the reading plane as useful illumination. The glare 
due to the high intrinsic brilliancy of the tungsten fila- 
ment made it almost impossible for passengers to see or 
read with comfort, and the necessity for the use of diffus- 
ing glassware soon became apparent. 


Systems 

Many and various systems have been since tested and 
used. Perhaps the most generally used scheme has been 
that employing a number of fixtures spaced uniformly 
along the center of the car. The fixtures are of both the 
single unit and multiple arm types carrying two, three or 
four small lamps. In certain types of cars, bracket fix- 
tures have been installed in addition to the overhead 
system. These are usually equipped with one or two 
small lamps and are put in chiefly for decorative purposes. 

Use is made of diffusing glass shades of different types 
designed to reduce the glare from the filament and at the 
same time, it possible, to reflect the light in the useful 


Fig. 2. 


Make-Up of the New Fixture Showing Relative Position 
of the 100-Watt Mazda C Lamp and the Condulet Socket 


angles, giving uniform illumination. Although the 
shapes and sizes of the shades have been juggled about 
considerably it has never been possible to arrive at an 
entirely satisfactory system from the standpoint of glare, 
efficiency and uniformity. The deeper types of shades 
screen the filament enough to sufficiently reduce the 
glare, but at the same time they absorb considerable 
light, thereby reducing the efficiency. Due to the depth 
of the shade most of the light is reflected beneath the 
fixture, leaving points of low illumination between the 
fixtures. Where the flare type of shades are used higher 
efficiency and more uniform illumination have ‘been se- 
cured. However, the filament of the lamps being more 
exposed allows the light to enter the eye from three or 
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four fixtures at such angles as to cause considerable dis- 
comfort and fatigue. 


The System Used 


Realizing the limitations of the open type of shade 
and keeping in mind the requirements for a satisfactory 
system as previously outlined in this article, experiments 
were sometime ago started with the idea of using a 
hemispherical bowl of diffusing glassware enclosing a 
tungsten lamp at the sides and bottom and having a 
slightly concave reflector above to reflect the upward light 
back through the bowl. 

With this type of unit, the lamp being entirely en- 
closed, there was no objectionable glare from the fila- 
ment and it was a question of determining if satisfactory 
efficiency could be obtained without increasing the total 
wattage per car. However, on test it was found that 
when the bowl was mounted against the head lining in 
the center of the car, the sources were high enough to 
cause no eye strain; the appearance was pleasing, but the 
intensity at the reading plane was too low. Fixtures 
were then constructed which lowered the bowl about two 
feet, this change bringing the intensity up to an accep- 
table value, but the eye strain became objectionable since 
the light source was well down in the line of vision. Also 
the appearance of the car was not pleasing and there were 
objectionable shadows on the ceiling. 

The plan of using the bowl flat against the head lining 
was suitable from the standpoint of eye strain and ap- 
pearance, so it became a question of securing a more 
efficient light source. 

About this time news came of the development of the 
100 watt Mazda “‘C” gas filled lamp for 32 volt service, 
and as soon as samples were obtained further tests were 
made. The greater efficiency of the gas filled lamp 
brought the intensity to a very satisfactory value and 
efforts were then turned toward the designing of a fix- 
ture which would have a low maintenance cost as well as 
a low installation and first cost. As a result the fixture 
shown in the accompanying cuts was standardized. 


Description of the New Fixture 


The fixture consists of a band of either malleable iron 
or cast brass to which is hinged a ring of the same ma- 
terial carrying a 12-inch bowl of Central Electric Com- 
pany’s pressed Berylite diffusing glassware. ‘The reflec- 
tor immediately above the lamp is made of enameled 
steel and is slightly concave in form to redirect the light 
downward through the bowl. The hinged band is fas- 
tened upward by means of a secure catch, it being possi- 
ble to readily clean the fixture by releasing this catch and 
swinging the bowl downward. Four long bolts are put 
through the roof of the car and serve to hold the fixture 
against the head lining. 

The fixture itself, therefore, contains no sockets or 
electrical connections. The main train line is run just 
above the head lining in 1%-in. conduit. At points 
where the fixtures are mounted a G-5 condulet is in- 
serted and a PE-63 porcelain receptacle cover with 6-in. 
leads is used. The narrow neck of the 100-watt Mazda 
“C” lamp projects through the opening in the reflector 
and screws directly into the condulet cover. The con- 
duit is mounted at such a height above the head lining 
as to bring the filament of the lamp into proper focusing 
position for the uniform illumination of the bowl and for 
securing the desired distribution of light. 
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New and Old Systems Compared 


A comparison of the new system with the old one, 
using a four arm fixture, shows the following points of 
superiority : 

1 76% more illumination is secured with no increase 
in power consumption as shown by the data on 
tests. 

2 The new fixture is mounted higher and the filament 
of the lamps is completely covered. Eye strain 
is greatly reduced. 

3 Those who have seen the new system in operation 
are quick to comment on the improved and 
pleasing appearance. 

4 The cost of maintaining and cleaning the fixtures 
is enormously reduced. Instead of having to 
remove four lamps, clean them, dust four 
shades and then replace the lamps, it is now 
only necessary to release the bowl catch, allow- 
ing the glass to swing down, dust it out, wipe 
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Fig. 3. Detailed Drawing of the New Pullman. Pixture Showing 


Application. se 
off the one lamp without removing, and again 
swing the bowl-into position. 

5 The cost of lamps is reduced 23.6%. Formerly 
4/25 watt G-18% round bulb lamps were used 
in each fixture. At a list of 36 cents each the 
total list value of lamps per fixture was $1.44. 
The present list of the 100-watt gas filled lamp 
in PS-25 bulb is $1.10. 

6: The breakage on glassware during cleaning and 
while in service has been reduced to peaches 
nothing. 

7 The absence of sockets or electrical connections 
on the fixture eliminates electrical repair cost 
and makes it possible to readily remove the fix- 
ture at any time. 

8 With the old multiple arm clusters, having four 
shades and shade holders, there was a greater 
possibility for accidental dropping of the glass 
than is the case with the new unit having a 
heavy pressed bowl securely held in a cast ring. 


Photometric Tests 


Extensive tests were made at various times on the 
different schemes tried while attempting to arrive at a 
satisfactory system. The results of the final tests only 
are given here in summarized form. 

After deciding to use 12-in. bowls with 100-watt 
Mazda “C”’ lamps tests were made, equipping a car with 
samples of a number of the different makes of glass on 
the market. 
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Berylite glassware finished smooth inside and out was 
finally chosen because of its high efficiency and pleasing 
“appearance. 


Test Results 


Tests were then made on a car equipped with the old 
four arm fixtures having a 25-watt lamp in each square 
shade or a total of 100 watts to the fixture. Corrected 
results showed an average of 4.2 ft. candles on a plane 
36 in. from the floor of the car. 


New Gould Chemically Pure Plante« 


\) 
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It is a well-known fact that the positive plate of a 
storage battery receives harder service and accordingly 
wears out faster than the negative plate. The new type 
of plate known as the “chemically pure” plate, very re- 
cently placed on the market by the Gould Storage Battery 
Company, is designed with a view toward greatly increas- 
ing the life of the positive plate and toward making it 
more nearly approximate that of the negative plate. This 
plate was developed as the result of research work in 
connection with submarine battery service for the U. S. 
government. This particular service is unusually severe 
on account of the heat and high discharging rates. 

The manufacturers state that the process of formation 


Magnified Section (five diameters) of the Surface of the 
Note the Space Between Ribs and Also 


Fig. 1. 
New Gould Positive Plate. : 
the Crystalline Structure of the Plate as Shown by the Tiny White 
Dots. 


of this plate is entirely different from the electro-chem- 
ical processes hitherto employed in the manufacture of 
Gould planté plates. 

In their earlier types of plates, made according to the 
old formation process, it was necessary to have a very 
large exposed surface of the lead rib in order to produce 
an initial capacity up to the rating of the plate. After 
approximately a year’s service, the active material pro- 
duced in the original formation all became dislodged, 
due to the battery action, and was replaced by new active 
material formed by the pure planté action of the plates 
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Another set of tests was made on the car equipped with 
the new unit, using 100-watt Mazda “C’ lamps. The 
corrected results of this test showed an average of 7.4 
ft. candles on a plane 36 in. from the floor. This is 
an increase in efficiency of 76% as compared to the old 
system. 

During all tests the lamps were operated from storage 
battery and a careful check kept on the voltage. After- 
ward all readings were corrected to 32 volts which was 
the rated voltage of the lamps used. 


an 


Positive Pilate 


charging and discharging in sulphuric acid electrolyte. 
This natural planté active material is apparently in a con- 
siderably more condensed form than was the originally 
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Fig. 2. Showing the Relative Thickness of Reserve Lead, 
Active Material, and Space Between Ribs. This View Was Made 
by Filling a Plate with Sealing Wax and Then Planing It Off Care- 
fully. The White is Reserve Lead, the Black is Active Material 
and the Gray is Space Between Ribs. 
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formed active material, as it exists in a comparatively 
thin layer over the surface of the plate. This new active 
material has considerably more capacity per pound than 
the original active material. This accounts for the usual 
increase in the capacity of planté plates after about one 
year of service. 

The new chemically pure planté positive was designed 
with a view toward obtaining, if possible, the pure planté 
active material in a highly condensed form in the initial 
process of plate manufacture. The chemically pure active 
material of the new plate, having a higher capacity per 
square inch surface than the old electro-chemically form- 
ed plate, now makes it possible to obtain normal battery 
capacity with a smaller plate surface than formerly. This 
permits of the use of heavier ribs and wider acid space 
between ribs. Where formerly the plates were made 
with .0020-in. ribs and .0016-in. space, the new plates 
are made with .0024-in. ribs and .0024-in. space, which 
evidently provides more reserve lead and a wider space 
between ribs for quick and easy diffusion of electrolyte. 

As a result of this new type of formation there are 
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apparently two distinct advantages obtained. First, there 
is a. somewhat heavier section of reserve lead in the ribs 
of the plate which is made use of for future conversion 
to peroxide—(when there is no more reserve lead leit in 
the ribs of a plate, the battery is about at the end of its 
life). Therefore, the more reserve lead provided, the 
longer will be the battery life. The second advantage 1s 
found in that the active material being formed in a thin 
but very dense skin over the surface of the ribs, the 
grooves between ribs are left open clear to the bottom, 
permitting of free circulation of electrolyte. This should 
remove one of the chief causes of battery sulphation, that 
due to highly concentrated acid becoming pocketed in the 
depths of the plate, as may sometimes occur where the 
active material is formed to such a thickness as to com- 
pletely fill the space between ribs. Moreover, as the wider 
spacing of the new plate allows a free circulation of the 
electrolyte, the diffusion of the acid out of the active 
material on charge and into it again on discharge will 
be very materially assisted. Accordingly, the battery 
gives a somewhat higher voltage on discharge and reaches 
a full state of charge at a slightly lower voltage than is 
experienced with the older type of plate. 

Another important advantage with the new plate is 
that even if it may become badly sulphated, the active 
material never completely fills the space between the ribs 
and accordingly cannot set up expansion strains that 
cause buckling of the plate. 

The mechanical features of the new plate are also of 
considerable interest, for the ribs, being considerably 
heavier than in the older plates, will stiffen it materially 
and tend to prevent buckling. Moreover, since the space 
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between ribs is considerably wider than in the former 


type of plate and with the active material existing in the 
form of a very thin skin, there will be much more space 
allowed for the expansion of the active material when it 
becomes sulphated. The result of this is that even if the 


Fig. 3. 
tween Ribs. 
Inch Plate. 


End of the Positive Plate Sawed Off to Show Space Be- 
View is Taken Looking Lengthwise Through an Eight- 


active material may become badly sulphated, there is 
ample room provided for the consequent swelling of the 
active material. This cannot set up expansion strains in 
the plate itself, for it is these expansive strains, due to 
the fact that there was not sufficient room for the active 
material to expand on sulphation, that caused buckling 
in the earlier type of plates. 

No forming acids whatever are used in the plate man- 
ufacture, therefore there will be no impurities introduced 
into the battery from this source, and excessive forma- 
tion of the plates in service will be eliminated. The ac- 
tive material of the new plates is pure lead peroxide in a 
crystalline form. 
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Ik. T. Sawyer 


E. T. Sawyer, who has been associated with the 
Commercial Acetylene Railway Light and Signal Com- 
pany for over eight years, 
has resigned to accept a 
position as sales engineer 
with the Edison Storage 
Battery Company. Mr. 
Sawyer, from about 1901 
to 1904, was with the west- 
ern office of the Dressel 
Railway Lamp Works of 
New York and the Star 
Brass Manufacturing Com- 
pany of Boston. He later 
spent four years in the em- 
ploy of the Acme Ball 
Bearing Company as man- 
ager of the railway depart- 
ment... His . first three 
years in the employ of the Commercial Acetylene Rail- 
way Light and Signal Company were spent as southern 
manager. For the last five years he has been connected 
with the main office at New York. 
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Cc. S. Schroeder 


C. S. Schroeder, treasurer of the Schroeder Head- 
light Company, Evansville, Ind., was killed in the rail- 
road accident at New Decatur, -Ala., on Saturday, May 
6. Mr. Schroeder entered the headlight business with 
his father at an early age and when 21 years old took 
over the management of the company. From a small 
plating works in 1885, the company has developed into 
a large manufacturer of electric and oil headlights. 
Mr. Schroeder was active in business until the time 
of his death. 


fk. Ll. Gilman 


F. L. Gilman, who was formerly assistant general sup- 
erintendent of the Hawthorne works of the Western 
Electric Company, has been transferred to the engineer- 
ing department with the title of assistant chief engineer. 
The above change became effective April 10, 1916. 

Mr. Gilman, who was graduated at Harvard in 1895, 
has been identified with telephone interests for 21 years. 
He is a fellow of the American Institute of Electrical 
Engineers, a member of the American Society of Me- 
chanical Engineers and a charter member of both the 
Harvard Engineering Society of New York. 
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Improved Consolidated Axle Light Panel 


The ampere hour meter control of the Consolidated 
Axle Light Equipments which has given such satisfactory 
results in reducing the cost of operation of car lighting 
equipments, has been still further improved by the Con- 
solidated Company, so that the same meter that controls 
the battery charging current from the car lighting gener- 
ator and discontinues the current to the storage batteries 
when the batteries have become fully charged is now em- 
ployed for the additional purpose of controlling the cur- 
rent supplied to the car while being charged from an 
outside source, as, for example, when standing in the 
railroad yards. 

It has been found that when cars are charged while 
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Fig. 1. Connection Diagram for Improved Consolidated Axle 
Light Panels. 


standing in the yards from the yard service mains, that 
the storage batteries are very frequently overcharged by 
reason of the car being left on charge for too long a 
period. 

By a slight change in the arrangement of the circuits 
of the Consolidated Axle Light System, the ampere hour 
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Circuit Breaker Used With Improved Consolidated 


meter is caused to register the amount of charging that 
the battery receives from the yard plant, and by the ar- 
rangement shown in the wiring diagram herewith, when 
the meter registers “full charge” of the battery, the con- 
tact switch is closed by the meter hand, which causes the 
circuit breaker to operate and disconnect the charging 
mains from the battery so that the battery will receive no 
further charge. 


The Norma Company of America 


The Norma Company of America—manufacturers of 
“NORMA” high-precision anti-friction bearings—an- 
nounces through its president, Mr. W. M. Nones, the 
purchase of a ten-acre factory site at Elmhurst, on the 
outskirts of Long Island City. The property fronts on 
Queens Boulevard and has a depth of about a thousand 
feet, abutting in the rear upon the main line of the Long 
Island Railroad, from which a siding will be built directly 
into the plant. 

The company has, in five years, become prominently. 
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identified with the automobile industry of. the country. 
Beginning as importers of bearings, the merit of its prod- 
uct gained quick recognition among the manufactur- 
ers of ball-bearing automobile accessories. Today 
“NORMA” bearings are the standards in most of the 
high-grade magnetos, lighting generators and starting 
motors made in America. The steadily increasing de- 
mand for these high-speed, silent-running bearings—soon 
outstripping import resources—forced the company into 
the manufacturing field and has necessitated repeated en- 
largements to its factory facilities. 

The latest move is made in response to an imperative 
demand for a still larger immediate output, with facili- 
ties for extension with the future growth of the business. 

The plans now under way provide for a four-story 
building, 70x350 feet, to be erected immediately in rein- 
forced concrete. Every modern improvement will be 
embodied, looking toward the maximum of production 
efficiency. The architects for the new factory are Fran- 
cisco & Jacobus of New York City. The location was 
determined upon, not alone for the unsurpassed shipping 
facilities afforded, but also for its ready access to the 
labor markets and home sections grouped around Long 
Island City—surface and subway lines running close to 
the property, giving quick communication with neighbor- 
ing Long Island towns as well as with Manhattan Island 
via the Queensboro Bridge. 


Westinghouse Electric & Manufacturing Company 


The annual report of the Westinghouse Electric & 
Manufacturing Company for the fiscal year ended 
March 31, 1916, shows that the sales billed and the net 
income for the year were in excess of those in any 
previous year in the history of the company. The 
gross earnings totaled $50,269,240, as compared with 
$33,671,485 in 1915 and $43,733,646 in 1914. The net 
manufacturing profits for 1916, after the deduction of 
cost of sales and cost of manufacture, including de- 
preciation of property and plant and all selling, ad- 
ministrations and general expenses, were $9,429,896 as 
compared with only $2,562,000 in 1915. The company’s 
net income for the year was $9,660,789 as against $2,- 
900,744 in 1915 and $4,058,809 in 1914. The surplus at 
the close of the fiscal year was $9,246,707 as compared 
with $7,473,412 on March 31, 1915. 

The splendid showing evidenced in the report was 
largely due to orders for war munitions, the ship- 
ments on account of which amounted to $8,578,266. 
The company is obtaining a share of domestic pros- 
perity, however, for the value of orders received dur- 
ing the year exclusive of orders for war munitions was 
$58,218,171, and the value of unfilled orders as of March 
31, 1916, for the regular products of the company was 
$22,097,995 as compared with $5,464,000 (of which $3,- 
486,445 was for war munitions) at the same date in 
1915. The amount of war munition work that is be- 
ing done in the main works at East Pittsburgh is 
small and has not materially interfered with the out- 
put of the regular products of the company. The total 
orders for war munitions booked by the company, its 
proprietary companies and the Westinghouse Machine 
Company amount to approximately $96,527,000. <A 
large part of this is included in the contracts for the 
manufacture of 1,800,000 army rifles which are now be- 
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ing manufactured by the recently incorporated New 
England Westinghouse Company at its factories in 
Springfield, Chicopee Falls and East Springfield, Mass. 
No shipments have yet been made on this contract, 
and no income has been received from this source. The 
advance cash payments, amounting to $12,037,500, re- 
ceived on account of the rifle contract, have been paid 
over to the New England Company. This amount and 
the assets and liabilities of the New England Company 
are not included in the parent company’s balance sheet 
given herewith in brief: 


ASSETS 

Property: and “plant...4620 . ja ee $21,201,305 
Sinking fund eeerscsasc | ste eee 706 
Investments <i: es 0 os eres oe eee 15,662,752 
Current assets, including $7,797,676 cash..... 21,864,587 
Working and trading. assets. )...... sae ee 18,850,947 
Ottes. assets... ae wtowtiae es Se en cee 4,852,649 

Total esate Seba ts ee $82,432,946 

LIABILITIES 

Preferred stocks ©... eset akeak oe $3,998,700 
Common: stock”"..4, 2, .-. 08... fa 52,644,800 
Funded --debt) > o.eut iy. 22%. eee 3,283,000 
Collateral Sand = lono term: notes) eee 2,816,250 
Real estate purchase money mortgage ....... 210,000 
Current ‘liabilities: 4526 25.4-020 ee eee 9,470,826 
Reserve: atch eee 762,662 
Profittvand loss—Surplus™.3.....22 eee 9,246,707 

otal testi. eeu eee $82,432,946 


The Western Electric Company 


Bigger, better business coupled with the tendency 
of the electrical industry to center uptown has resulted 
in a new location for the Western Electric Company’s 
retail store in New York City. In its new quarters, in 
the Tilden Building, 105 West Fortieth street, the store 
is situated but a stone’s throw from Broadway, and is 
in the heart of a rapidly growing commercial section. 

Because of more commodious quarters, a larger as- 
sortment of electrical goods will be carried at the new 
location. A complete line of electrical supplies, both 
staples and specialties, is carried in stock. 


Trade Publications 


The Ampere Hour Meter:—The Sangamo Electric 
Company has recently had prepared a small pamphlet 
on “Recent Improvements in the Construction of 
Ampere our Meters.” The subject matter is a re- 
print of the A. B. C. Car Lighting lesson appearing 
in the Railway Electrical Engineer for March and April, 
1916. These pamphlets will be furnished upon request 
to the Sangamo Electric Company, Springfield, Illinois. 


X-Ray Flood Lightmg—A pamphlet recently pub- 
lished by the National X-Ray Reflector Company of 
235 West Jackson Boulevard, Chicago, and 21 West 
Forty-sixth street, New York, contains some interest- 
ing and instructive information and data regarding 
the use of the projector units manufactured by this 
company in the illumination of smokestacks, signs, 
buildings, etc., by flood lighting. Some unique illus- 
trations showing the effect of this method of lighting 
are given together with complete engineering data 
necessary for designing a lighting installation of this 
kind. This pamphlet may be obtained from the Na- 
tional X-Ray Reflector Company on request. 
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Distilled Water for Battery 
Flushing 


The collection of scale or sediment on the inside of 
boiler tubes is somewhat typical of one of the results of 
not using pure distilled water for battery flushing. In 
the operation of the steam boiler only pure distilled water 
goes off as steam, the impurities being left behind; simi- 
larly, in the operation of a storage battery, only pure 
distilled water, or its equivalent in hydrogen and oxygen 
gases, is given off by evaporation and by gasing on over- 
charge. Here, again, as in the case of the steam boiler, 
all impurities which existed in the water which was used 
for flushing the storage battery are left behind in the 
electrolyte of the battery. If battery flushing with impure 
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water 18 continued these impurities in the flushing water 
gradually pile up in the electrolyte until they soon exist 
in such quantity that they may seriously injure the bat- 
tery plates. 

Battery operation in the past has réquired that 
the batteries be cleaned every year or eighteen months 
and at this cleaning period, where impure water has been 
used for flushing, it has usually been necessary to throw 
away the entire supply of electrolyte in the battery tanks, 
replacing it with new. 

With the present high price of sulphuric acid this waste 
becomes an item of considerable importance in battery 
maintenance, but where pure distilled water is always 
employed for flushing the storage batteries, it has been 
found that the electrolyte in over 95 per cent of the cells 
can be saved and used over again after the battery is 
cleaned. This feature alone, entirely aside from the re- 
duction in battery plate diseases, such as are caused by 
impurities in the flushing water, would easily warrant the 
general practice of using distilled water for flushing car 
lighting batteries. 


Anti-Friction Bearings in Axle 
Generator Service 


While it is generally conceded that the use of anti-fric- 
tion bearings in axle generators insures more reliable 
operation under all conditions of service than could be 
expected or was obtained with the various types of sleeve 
bearings used formerly, the actual results obtained on 
several of the larger railroads, which prove the superior- 
ity of the anti-friction bearings, give us some important 
and instructive information on this interetsing and im- 
portant subject. For this reason, the comments of H. C. 
Meloy of the New York Central, of E. S. M: MacNab 
of the Canadian Pacific and of A. E. Voigt of the Atchi- 
son, Topeka & Santa Fe, which are given on page 408 of 
this issue, and the article by J. R. Sloan of the Pennsyl- 
vania, also appearing in this issue, are of interest. 

A study of Mr. Voigt’s letter shows that during the 
years 1913, 1914 and 1915 there were an average of 201 
anti-friction bearing axle generators and an average of 
651 sleeve bearing axle generators in service. During 
the three years there were a total of seven anti-friction 
bearing failures and 50 sleeve bearing failures, which 
means that although there were approximately three 
times as many generators equipped with sleeve bearings 
as there were equipped with anti-friction bearings, the 
failures were in favor of the machine equipped with the 
anti-friction bearings in the ratio of 1 to 7. The com- 
parison of the operation of the two types of bearings is 
in reality more favorable to the anti-friction bearings 
than the figures indicate, because, of the seven anti- 
friction bearing failures, only one was due to a broken 
ball, while six were due to broken or loose lock nuts, 
caused, no doubt, by improper application. On the other 
hand, each of the 50 sleeve bearing failures was the re- 
sult of some inherent fault of that type of bearing. 

The effect of anti-friction bearings on the Pennsyl- 
vania’s unit maintenance cost per generator is clearly 
shown in the curves in Fig. 1, appearing in Mr. Sloan’s 
article. These curves show that the unit maintenance 
cost per generator was reduced in approximately the same 
proportion as the number of sleeve bearing generators 
were reduced until a constant minimum value of net gen- 
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erator cost per car month was reached. Mr. Sloan's ar- 
ticle also brings out the fact that out of a total of 734 
equipment years, there have been but four ball bearing 
failures reported. It would seem that in view of the 
success of the anti-friction bearing in axle generator 
service, the use of such bearings in shop motors would 
be equally successful in improving their reliability and 
decreasing their maintenance cost. 


Letters to the Editor 
Anti-Friction Bearings in Car 
Lighting Generators 

CLEVELAND, Ohio. 
To THE Eprror: 

It is safe to assume that with an average of 250 ball 
Learing equipments in service for two and one-half years 
there has not been one single failure due directly to the 
bearings. There have been a few cases where the bear- 
ings were not properly greased or a failure due to some 
neglect. JI do know that previous to the changing from 
sleeve bearing to ball bearing that we were constantly 
having hot bearings, allowing the armature to get down 
upon the pole pieces, which necessitated the rewinding 
of the armatures and in some cases the rewinding of the 
fields as well as the renewal of bearing. Of course, you 
are aware that if it was possible to keep oil on the sleeve 
Learing this trouble would not occur, but the service 
being such that the cars remained away from the regular 
inspection terminals for a considerable period of time, 
the bearings and oil slingers become worn, or when not 
properly applied the oil slops out to such an extent that 
it 1s necessary to refill the oil wells at main terminals, 
that is, a car in Chicago and New York service would 
have to be oiled at both ends of the run, or else there 
would be danger of a hot bearing. 

With the application of the ball bearing all this trouble 
has been eliminated and should a car get out of regular 
line there is no danger of hot bearings. 

H. C. MEboy, 
Engr. Electrical Appliances, N. Y. Lines West. 


MontTREAL, Canads 
lo THE EpITor: 


We have had 22 equipments in service since 1909, 
and to my knowledge we have only had a couple of actual 
failures due to ball bearings. Several were, however, 
renewed in the shop, as when inspected they were found 
to be slightly loose. There is no question in my mind as 
to the absolute advantage of the ball bearing over the 
sleeve bearing, especially in this climate where we get 
such variation of temperature. 

E. S. M. Macnas, 


Car Lighting Engineer, Canadian Pacific. 


TopEKA, Kan.’ 
Yo THE Eprror: 

During the year 1913 we had 15 ball bearing equip- 
ments and 707 sleeve bearing equipments. We had no 
ball bearing failures, but had 24 sleeve bearing failures, 
as follows: 

19 due to worn bearings. 
3. due to worn bearings, account no oil.. 
2 due to chain oiler on narrow slot bearing. 
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During the year 1914 we had 246 ball bearing equip- 
tnents and 671 sleeve bearing equipments. We had 3 
ball bearing failures, as follows: 

I. due to broken ball, 
2 due. to loose. lock nuts, 
and 14 sleeve bearing failures, as follows: 
9 due to worn bearings. 
3 due to oil ring broken. 
2 due to worn bearings, account no oil. 

During the year 1915 we had 343 ball bearing equip- 
ments and 574 sleeve bearing equipments. We had 4 
ball bearing failures due to loose lock nuts, and 12 sleeve 
bearing failures, as follows: 

8 due to worn bearings. 
1 due to worn bearing, account no oil. 
2 due to broken oil rings. 
1 due to oil box cover broken, binding oil ring. 
A, E. Voter, 
Assistant Electrical Engineer, Santa Fe. 


A Comment on Mr. Lunn’s 
Paper 
New York City. 
To THE EpirTor: 

Reading through your valuable June issue I was par- 
ticularly interested in Mr. Lunn’s paper on “Maintenance 
of Lead Storage Batteries in Car Lighting Service.” No 
doubt a great deal of saving in battery maintenance cost 
would be. effected if such a method would be universally 
adopted and furthermore such a system would show more 
clearly the splendid progress the art of car lighting has 
made in recent years, since light failures would no doubt 
be still further reduced and the quality of light greatly 
increased. 

From a practical point of view, however, it seems to 
me that this system as outlined by Mr. Lunn could be 
modified somewhat, in order to effect better economy. 
Mr. Lunn recommends to switch on the full lamp load 
and if the voltage is found to be unexplainably low, volt 
meter readings of every cell should be made. Here it 
seems to me that if the batteries are put on a fairly heavy 
discharge representing about a six-hour rate, any small 
defect in the cell could be detected at an early stage of 
its development and thereby considerable labor could be 
saved. If the maintenance man switches on full lamp 
load as Mr. Lunn recommends, which, particularly in a 
Pullman car, would mean the operation of all subsidiary 
switches, in order to get even a ten-hour discharge rate 
on the batteries, a considerable amount of time would be 
taken up and defects in the very early stages would hardly 
be noticed at such a rate. 

It seems to me, therefore, that if the maintenance man 


_ was furnished with a portable resistance which could be 


connected to the charging receptacle on the car, the bat- 
tery could be put on a discharge of any desired rate at a 
moment’s notice. The maintenance man would then be 
able to detect any defect in the battery in its very early 
stages. If voltage readings were then taken periodically, 


. together with gravity readings, and the generator output 


adjusted according to the requirements indicated by these 
readings, terminal charging of batteries would practically 
be eliminated... 

. H. D. Rowman, 
Chief Etfectrical Engineer, Franklin Railway Supply. Co. 


Anti-F riction Bearings in Axle Gen- 


erator Service 
Je R. Sloan 


HERE are probably few mechanical or electrical 
T engineers who fully appreciate the severe service 
conditions under which railway axle lighting gen- 
erators must operate. This service is particularly severe 
as regards the mechanical features of the axle generator, 
namely, the belt and bearings. Whether the equipment be 
mounted on the car truck or suspended from the car body, 
belt operation is a somewhat difficult matter. With the 
truck mounted type, the short distance between centers of 
the driving axle and the generator shaft requires a high 
initial belt teision in order to pull the load; and on the 
body hung suspension, the change in alinement due to the 
swing of the truck in rounding curves. has a tendency to 
greatly decrease belt mileages. 

Particularly with the truck mounted type generators, 
the high initial belt tension necessary to prevent belt slip- 
ping, and this being oftentimes applied by careless in- 
spectors far in excess of the amount actually required, 
causes very severe loads on the pulley end bearing. In 
addition to the bearing strains due to belt pull, we have 
sometimes severe stresses set up due to the vibration and 
lash of the truck at curves, frogs and crossings. These 
features coupled with the difficulties of inspection and 
maintenance en route were undoubtedly the chief causes 
of some excessively high generator maintenance costs 
experienced during 1911 and 1912 as shown below. 


TaBLE oF Axe GENERATOR MAINTENANCE AND REPAIR Costs, SHOWING 
Repuction in Unit Cost witH INTRODUCTION OF 
ANTIFRICTION BEARINGS. 

1911 1912 1913 1914 1915 


Total axle generators in 

service (December). 260 289 321 320 - 328. 
Number sleeve bearing . 

generators in service es ° 

(December) ........ 260 211 175 115 18 
Number axle generators . : 

equipped with ball 

bearings (December) 0 78 146 205 305 
Total expense. for in- ; 

spection, maintenance, 

etc., on axle genera- 

tors alonez i... 50.-. $54,899.42 $79,277.14 $65,205.44 $51,464.83 $60,508.41 
Cost of remodeling gen- 

erators for ball bear- 

ings 5,378.00 18,387.28 


13,841.68 13,132.18 


Net total cost for gen- 
erators, inspection, 
and maintenance.. 

Net generator cost per 
car per month Bopeor 


Reducing Maintenance Costs with Anti- Friction 
Bearings 


There is no question but that the rather extensive ap- 
plication of anti-friction bearings made during the past 
three years has been the means of saving the day for the 
axle generator. From an examination of the accompany- 
ing table it will be noted that in 1911 there were 260 axle 
generators in service and all of these were equipped with 
sleeve bearings. During the following years, 1912, 1913, 
1914, 1915, some new equipments mounted on ball bear- 
ings were added and some of the old generators were 
remodeled and equipped with ball bearings. The net re- 
sult of this was that the number of sleeve bearing gener- 
ators in use decreased from 260 in 1911 to 18 in 1915. 

The total expense items include all labor, material and 

* Ener. Electric Car. Lighting, P. R. R. 


. $54,899.42 $73,899.14 $51,363.76 $38,332.65 $42,121.13 


$23.30 $24.12 $14.57 $10.22 $10.86 
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store house expenses in connection with axle generators. 
Notwithstanding this, however, the maintenance costs 
per car per month as given at the bottom of the table are 
excessively high during 1911 and 1912. This was un- 
doubtedly due to the fact that with the sleeve bearing 
generators it was necessary to motor and oil each gen- 
erator every day in order to be sure the generator was 
in good condition; in addition to this the generator was 
given a complete overhauling every month. 


Maintenance—Anti-Friction Bearing Generators 
With axle generators equipped with anti-friction bear- 


ings, however, the daily inspection consists simply of 
feeling the generator to see if it is warm when it arrives 
3 
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Fig. 1. Curves Showing How the Use of Anti-Friction Bearings 
in Axle Generators on the Pennsylvania Reduced the Unit Mainte- 
nance Cost Per Generator. 


in the yard and also making sure that the belt is in good 
condition. This takes but a very small fraction of the 
time formerly required for inspection and maintenance. 
These ball bearing mounted generators are given a gen- 
eral overhauling once in nine months and at this time the 
grease 1s renewed in the ball bearings. The generators 
are motored now only once a week instead of daily when 
mounted ‘on sleeve bearings. 

Without a doubt the reduction in generator inspection 
and. maintenance expense from $24.12 in 1912 to $10.86 
in 1915 has been largely, if not entirely, brought about by 
the use of ball bearings. The slight reduction in cost in 
1914 below that of 1915 was probably due to the fact that 
during that year passenger traffic was very light: and 
many of the cars were out of service. In 1915, however, 
passenger traffic was about normal. tsp? 

Ball Bearing Failures 

Of the total 734 equipment years there have been but 
four ball bearing failures reported, or approximately but 
Y% of 1 per cent per annum. This is an extremely good 
showing in comparison with the frequent failures of 
plain bearings in this service. 

Of these four failures, two were due to improper 
mounting, in one case the bearing seat being too loose and 
in the other case too tight, resulting in a worn shaft and 
loose bearing in the first case and a cracked inner race 
in the second; the two other failures were due to ball 
failures. In no case, however, was the armature or field 
coils damaged, a frequent occurrence when sleeve bear- 
ings failed and let the armature down on the pole pieces. 


Semi-Annual Convention 


Association of 


Railway Electrical Engineers, Atlantic 


City, N. J.. Jume 16, 1916 


HE convention, held in the Hotel Dennis, was called 
T to order by the president; E. W. Jansen, and the 
report of the secretary-treasurer was read and 
accepted. The association then heard the reports of the 
various standing committees. 


Committee Reports 

The first report considered was that of the Committee 
on Illumination, which is published on page 351 of the 
June issue of the Railway Electrical Engineer. Be- 
cause of the limited time at the disposal of the associa- 
tion, L. S. Billau, chairman (B. & O.) simply gave an 
impromptu abstract of the report. 

The report of the Sub-Committee on the Rating of 
Train Lighting Lamps was included in Mr. Billau’s re- 
port and was received with much interest. This report 
as a whole dealt with the proposed change in the rating 
of train lighting lamps from a mean horizontal to the 
mean spherical or the lumen basis, and also with the 
question of adopting the gas filled lamps for train light- 
ing service. Embodied in the report were revised train 
lighting lamp schedules based on the mean spherical 
candle power and lumen rating and including the sizes 
of gas filled lamps. that the committee thought would be 
most desirable. The replies to a circular letter on the 
subject, indicated that out of a total of 9,343 cars voting, 
8,584 were in favor of changing the rating of train light- 
ing lamps from a mean horizontal to-a mean spherical 
basis, and out of 8,585 cars voting, 6,802 were in favor 
of using the gas filled lamp for train lighting at an in- 
crease in initial cost. 

President Jansen said that, in connection with this 
new rating, he thought alal the members desired to work 
on the lumen basis, but that a hard time will be expe- 
rienced in getting away from the watt basis, but that 
the change could undoubtedly be made in time. He spoke 
of a suggestion that had been made to him by W. J. 
Bohan, mechanical engineer of the Northern Pacific, that 
the total watts of the lamps be given on the label in addi- 
tion to the total lumen rating so that the label would 
show the voltage, the total lumens and the total watts 
of the lamp in question. He said that the advantages of 
having this information on the label would be that people 
not familiar with the lumen rating would gradually be- 
come accustomed to it without being confused, and that, 
in addition, the current consumption of the lamp could 
readily be calculated without referring to the efficiency 
in lumens per watt, usually given only in the handbooks. 

President Jansen also pointed out that the 100-watt 
Mazda C lamps recently adopted by the Pullman Com- 
pany had resulted in some complaints being made that 
the new lamps were too bright and that they make con- 
siderable contrast with the other cars on which equip- 
ments are owned by the Pullman Company and main- 
tained by the -railroad company. He said that he had 
taken this matter. up with Ernest Lunn, chief electrician 
of the Pullman Company who advised that although they 


had already adopted the 100-watt lamp they were not al- 
together sure that it was not too large and that they had 
considered going to the 60-watt Mazda C lamp instead. 

J. A. Andreucetti, of the Chicago & North Western, 
said that he had also noticed that the 100-watt lamp, as 
used by the Pullman Company, was too bright. 

L. S. Billau, of the Baltimore & Ohio, said, in refer- 
ence to the rating of the lamp as given on the label, it 
was felt that any changes made at this time would have’ 
to be made gradually. He said that the lamp manufac- 
turers not only have large stocks of labels on hand, but 
there is a question whether the label giving both watts 
and lumens would not be so large as to be objectionable. 
He felt that this feature would have to be Werke’ out 
gradually in the future. 

In regard to the 100-watt Mazda C lamp also eee 
as 1,500 lumens, as used by the Pullman Company, Mr. 
Billau said that the 1,000-lumen lamp, which is shown 
in the new table, was suggested for the reason that there 
had been some complaint that the 1,500-lumen lamp was 
too strong in certain installations. He said that the 
present 75-watt vacuum type lamp, which gives 815 
lumens, was considered, but the committee felt that in 
order to preserve the basis in multiples of 25 it would 
be better to increase the rating of this lamp to 1,000 
lumens, which would be suitable for use in installations 
where the 1,500-lumen lamp would give too much light, 
and also this lamp could be used where the 75 or 60-watt 
lamp has been used in the past. 

C. H. Quinn, chief electrical engineer of the Norfolk 
& Western, wished to know if the lumen rating would be 
given in the commercial catalogues which are furnished 
by the manufacturers, or if the new rating is to be a 
special feature concerning train lighting lamps only. 

W. I. Rolison, of the Westinghouse Lamp Company, 
said that he believed the lamp manufacturers are per- 
fectly willing to meet the wishes of the association in 
lamp rating and that they will try to meet anything that 
the committee wishes to recommend in the line of labels 
as far as manufacturing conditions will permit. 

Mr. Porter, of the Edison Lamp Works, said that his 
company is already showing in some of their catalogues 
the lumen rating, especially in the illumination section, 
he also said that they would be very glad to show prac- 
tically any ratings which the association desires. 

President Jansen then inquired if there was any reason 
why the voltage and total watts and total lumens should 
not all be shown in the catalogue and in reply Mr. Porter 
said that he did not see any reason why they could not 
and that they will be shown in the catalogue. 

Mr. Billau said that this matter had to come up in the 
discussion at the last conference with the representatives 
of the lamp manufacturers and that it is the intention in 
the new train lighting schedule to recommend asking that 
the actual total lumens of the lamp be given and also the 
nominal rating as expressed in watts. The efficiency will 
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be expressed in lumens per watts instead of watts per 
candle as previously. 

K. R. Hare of the Railway Electrical Engineer, when 
referring to the double rating on the labels, suggested 
that the lumen rating be given ahead of the watt rating, 
the former to be printed in larger type s@) that it w an 
be considered the main rating. In that way those using 
the lamps would easily get into the habit of using the 
lumen rating. 

Mr. Billa then stated that as ane part aif the com- 
mittee’s work was practically completed, the committee 
would be glad to have a vote from the association with 
reference to the report of the Sub-Committee on Rating 
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Engineer, Rock Island, and Vice-President Association of Railway 
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of Train Lighting Lamps so that the committee will be 
in a position to advise the manufacturers of what the 
association wants to do. 

After some discussion Mr. Andreucetti moved that the 
report of the Committee on Illumination be accepted and 
that the portion of the report referring to the changes in 
the rating of train lighting lamps be sent to letter ballot 
for approval. The motion was seconded and carried. 


Shop Practice 
Sub-Committee on Compressed Air and its Applica- 
tion. J. E. Gardner, who is chairman of the sub-com- 
mittee, was not present so that H. C. Meloy, who is a 
member of the general committee, presented the report. 
The report was accepted without discussion. 


Sub-Committee on Electric Welding 
The report was submitted by Mr. Meloy, chairman, 
who pointed out the different headings under which the 
report is divided and asked for further suggestions. 


Mr. Biliau suggested that the committee cover in its. 


report a list in some suitable form of the various uses to 
which electric welding has been put in the railroad field. 
He thought that inasmuch as the use of electric welding 
has been extended much further in some places than in 
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others it might be of considerable interest to get an idea 
of how many uses have been made of electric arc weld- 
ing. 

J. R. Sloan, of the Pennsylvania, suggested that a wir- 
ing diagram be shown so that the operations of the va- 
rious systems can be studied. 

D. J. Cartwright, of the Lehigh Valley, pointed out 
that there was considerable difference of opinion in re- 
gard to the protective, shoe used in electric welding, 
especially in regard tothe quality and color of the glass 
used and he suggested that any information on that sub- 
ject that the committee could present would be of benefit 
to the operators of arc welding equipment. | 

Mr. Quinn, of the Norfolk & Western, referred to the 
second item under Standardization of Operation, “amount 
of current consumed on different operations,” and sug- 
gested that consideration be given to the subject of kilo- 
watt hours per pound of metal applied which would give 
the amount of energy delivered at the arc welding ma- 
chine instead of the electrode. 

J. L. Minick, of the Pennsylvania, pointed out that it 
might be advisable to study the actual conditions under 
which the work is done, whether scale or slag or other 
insulating elements of that kind would make it necessary 
to use a considerably larger amount of current in one 
case than in another where the insulating material was 
not present. Mr. Quinn said that what he had in mind 
when making these suggestions was to determine the 
economy of getting one large machine to supply four or 
five circuits, thereby charging the loss of a circuit against 
the weld, compared with putting a smaller machine right 
at the job. He also thought that the committee might find 
something of value in making a recommendation as to 
the correct size, capacity and location of the electric weld- 
ing machines. He said that he had in mind one particu- 
lar instance where considerable economy was effected by 
grouping the work near the source of power instead of 
running long feeders from the power house with the re- 
sulting loss in 200 or 300 feet of wire. He pointed out 
that this phase of the work is especially important where 
current is purchased. 

J. H. Bryan, of the Westinghouse Electric & Manu- 
facturing Company, suggested that it might be well for 
the committee to include in its report, if possible, data on 
maintenance cost, comparing the operating and mainte- 
nance cost of different types of machines. 

Mr. Quinn suggested that the committee investigate 
the subject of butt welding with alternating current 
which he considered one of the most eciceain. features 
of electric welding. He said that recent advances in the 
high-speed tool-steel market have made it desirable to butt 
weld a small piece of tungsten steel, probably two inches 
thick, on an ordinary piece of tool steel; he pointed out 
that considering the present price of tungsten steel con- 
siderable economy can be effected in this way. He also 
suggested that the committee look into the matter of face- 
ending of locomotive boiler tubes by this method. The 
report was accepted as a progress report without further 
discussion. 


Sub-Committee on Maintenance and Repairs 
Due to the absence of J. H. Wickman the report of 
the Sub-Committee on Maintenance and Repairs, which 
was printed in the June issue of the Railway Electrical 
Engineer, was read by Mr. Mcloy. 
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President Jansen said that the last paragraph in regard 
to the testing of railroad meters is especially important; 
he said that his road had recently gone into the subject 
and it was their experience that AL. a railroad is pur- 
chasing most of its power in towns where the power com- 
pany does not have a competent meter man, it is advisa- 
ble for the railroad company to test their own meters. 
The report was accepted as a progress report. 


Anti-Friction Bearings for Motor Equipment 

In the absence of C. J. Causland the report was sub- 
mitted by Edward Wray of the Railway 
Engineer. 

Mr. Quinn suggested that some important information 
relative to anti-friction bearings could undoubtedly be 
obtained from the people who are designing, operating 
and following up the use of ball bearings on mine loco- 
motives. He said that conditions around a great many 
mine tipples are similar to the railroad roundhouses and 
coal yards where a good many of the present motor 
troubles occur. He thought that by coming in contact 
with the mine locomotive people a vast amount of valua- 
ble information could be obtained, showing the applica- 
tion, size and general maintenance features, the depend- 
ability and desirability of anti-friction bearings, together 
with some information on the size of bearings that can 
_ be applied to standard motors. The report was accepted 
as a progress report. 


Crane, Turntable and Transfer Table Motors 

The report, which is given in full in the June issue of 
the Railway Electrical Engineer, was presented by H. C: 
Meloy, chairman, (N. Y. C.) After reading the Com- 
mittee report Mr. Meloy said that in a meeting with 
Chas. Robbins, chairman of the Standard Specifications 
Committee of the Electric Power Club, the question came 
up relative to inviting the steel mill engineers to co-oper- 
ate with their committee. He thought that it would be 
advisable that both associations meet together as in that 
way it might be possible to work out satisfactory stand- 
ards covering the entire field, with fewer type of motors. 
Mr. Meloy said that, subject to the approval of the As- 
sociation, he had agreed to proceed along those lines. 

W. H. Patterson, of the Westinghouse Electric & 
Manufacturing Company, suggested that the crane manu- 
facturers be included in addition to the steel men; he said 
that the steel men have an association of iron and steel 
electrical engineers. 

In referring to the second paragraph of the report on 
temperature rating, Mr. Patterson said he did not be- 
lieve that the association of Railway Electrical Engineers 
desires to change the standards of the American Insti- 
tute of Electrical Engineers. He felt it to be the func- 
tion of the latter association to standardize time temper- 
ature ratings for motors. The committee recommends 
a 50 degree rise where the institute standard is 55, and 
for motors having fireproof insulation 75 degrees. For 
this reason Mr. Patterson thought ue temperature rise 
for enclosed type motors should be 55 degrees. 

Mr. Andreucetti suggested that when any reference is 
made to standardization rules already covered by the 
American Institute of Electrical Engineers, that those 
rules be adopted by the Association of Railway Electrical 
Engineers. He said that the association has member- 
ship on the Standardization Committee of the A. I. E. E. 
and any standards that may be necessary for work in 
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railroad service should be referred to the Standardiza- 
tion Committee for adoption first. 

Mr. Patterson then called attention to paragraph three 
which states that the torque rating on starting should be 
from seven to ten times the full load torque; he said 
that no manufacturers, to his knowledge, today handled 
motors which would meet with such specifications and 
further that such conditions would be very seldom met 
with. 

Mr. Wray, of the Railway Electrical Parvin at this 
point mentioned that vehicle type motors and other 
motors of a similar nature are now being rated on a 
torque basis. He said a manufacturer of electric motors 
for vehicles is not interested in the horsepower but does 
desire a motor which gives a certain maximum torque 
and said that it was the intention of the committee to ada 
the torque rating with the idea of making the specifica- 
tion a little more definite. 

E..Wanamaker, of the Chicago, Rock Island & Pacific, 
pointed out that the general problem of procuring the 
proper rating of motors in railroad service has been 
somewhat neglected; he mentioned especially the rating: 
of turntable and crane motors which are only required 
to give their maximum torque intermittently. He said 
that it was with the idea to go further into the details of 
motor specifications of this class of work that the com- 
mittee was appointed; heretofore these motors have been 
given a blanket rating and the intention is now to try 
and arrive at some conclusion as to what should be the 
proper basis for motor specifications. The report was 
accepted as a progress report. 


Data and Information 


The report of this committee as published in the June 
issue of the Railway Electrical Engineer was presented 
by Edward Wray. After reading the report Mr. Wray 
distributed the blank which is to be sent out to the raii- 
roads and asked for criticisms and suggestions. 

Mr. Billau suggested that the committee get the blank 
out to the railroads as early as consistent; he said that it 
is generally found that by the time the blanks go through 
the various channels the time remaining is very short 
and that it is evident the more time available for the 
preparation of this information the better. 

Mr. Minick spoke of the difficulty in attempting to ar- 
rive at a conclusion when making an inquiry into the 
opinions of the railroads. It said that he had tried to 
determine this opinion on the basis of the number of 
railroads voting, on the number of cars owned and sev- 
eral other ways; he said that one difficulty was that the 
data and information lists of the association, which are 
used to determine the number of cars owned by the rail- 
roads, have not been corrected as to the number of cars 
actually owned and operated since 1910; further that 
some of the railroads have no rating at all. He, there- 
fore, suggested that the committee give this subject se- 
rious consideration when it comes to taking a letter ballot 
and that a correct list of electrically lighted equipment be 
prepared. Mr. Minick also brought up the question as to 
how the ballot should be determined, on basis of cars 
operated, or cars owned. He stated that the train light- 
ing lamps are based on the number of cars owned and 
not on the number of cars operated. It was. the opinion 
of the president that such letter ballot should be on the 
basis of cars owned. 
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Mr. Quinn suggested that in item 10 of the Informa- 
tion and Data sheet something be incorporated to deter- 
‘mine whether the magnets are operated from shop power 
or isolated plants when determining the cost of mainte- 
nance. Mr. Minick called the attention to the item “shop 
and station equipment” on page 3. He said that under 
“lamps,” tradenames are used. While it is true that 


practically 90 per cent of the lamps sold are sold under 
He suggested that 


the tradename some of them are not. 


From Left to Right—C. H. Quinn, Chief Electrical Engineer of the 
Norfolk & Western, L. S. Billau, Asst. Electrical Engineer, Balti- 
more & Ohio, and Jos. A. Andreucetti, General Foreman, Chicago 
& Northwestern and Secy.-Treas. of the A. R. E. E. in Front of 
Young’s Million Dollar Pier at Atlantic City, N. J. 


in printing these blanks next year the same practice as 
the association has used in preparing its specifications be 
employed by using the term “tungsten filament” lamps 
and in case of the so-called type C lamps make it “gas 
filled” lamps. The president advised that this procedure 
would be followed in the future. The report of the com- 
mittee was accepted. 


Train Lighting Equipment and Practices 

The progress report of the committee on this subject 
was presented by Mr. Cartwright. A complete report 
was published in the June issue of the Railway Electrical 
Engineer. Mr. Sloan, who is chairman of the Sub-Com- 
mittee on Wiring, read their recommendation to the M. 
C. B. association. This recommendation was included in 
the report of the M. C. B. committee on train lighting 
which is given elsewhere in this issue. 

Mr. Cartwright said that the recommendation of the 
Sub-Committee on Wiring had been incorporated as part 
of the report of the Train Lighting Committee of the 
Master Car Builders’ Association and would be submitted 
to letter ballot. He felt that the 1915 revised rules of 
the National Board of Fire Underwriters did not apply 
to car wiring, they applying to cars electrically propelled 
only. 

Mr. Minick inquired whether comparison was made 
between the proposed rule and the rules being worked 
up and proposed by the Bureau of Standards; he said 
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they go into car wiring to considerable detail. Mr. Cart- 
wright said that the proposed rules of the Bureau of 
Standards would entail a considerable expense on the 
part of the railroads and an unnecessary expense in the 
wiring of passenger cars. Due to the low voltage of car 
lighting systems, the fire risk is comparatively small and 
for that reason the committee desires simply to give a 
few simple rules that will provide ample protection. He 
further said that Mr. Davis, the chairman of the M. C. B. 
Committee on Train Lighting, is at the present time 
handling a proposition in connection with the proposed 
national code rules as part of the car wiring specification, 
and he has tried to bring about a differentiation between 
cars electrically propelled and cars operated by steam and 
electrically lighted. The progress report was accepted. 

Mr. Bliss of the U. S. Light & Heat Corporation stated 
what had taken place, insofar as the various manu- 
facturers themselves are concerned, in the standardiza- 
tion of axle lighting equipment. Mr. Bliss said that the 
various manufacturers of axle lighting generators had 
met in an informal manner on one or two occasions for 
the purpose of drafting a set of specifications for axle 
generators. He said that they had submitted a tentative 
proposition of that kind to the M. C. B. Committee on 
Train Lighting, and that the manufacturers, at the sug- 
gestion of the joint committee, had held a meeting at 
Chicago last winter, at which time they went into this 
matter very carefully. While unofficial, it may be of in- 
terest to the association to know that the manufacturers 
have succeeded in getting very nearly together and prog- 
ress has been made in drafting uniform specifications. 
Mr. Bliss pointed out that this work has become neces- 
sary, dtie to the fact that there is no such thing as unt- 
form specifications in existence at the present time for 
car lighting generators nor can the association be guided 
or depend upon such a specification for rating of elec- 
trical machines as adopted by the A. I. E. E. He said 
that he did not think the American Institute has ever 
recognized the axle generator as being in existence and 
that many members of that society, while learned in other 
branches, are not familiar with the conditions surrounding 
the design and operation of axle generators. Mr. Bliss 
said that the two questions that were submitted by the 
joint committee meeting were the rating of axle genera- 
tors and the standardization of pulleys and bearings for 
generators having pulleys less than 8 in. in diameter. Mr. 
Bliss then read a letter bearing on this subject which 
shows what progress was made in standardizing car 
lighting generator specifications. a 

Nracara Fats, N. Y., February 24, 1916. 
Mr. J. H. Davis, 

Blecw ines By & ORD RCo; 

Chairman, Train Lighting and Equipment Committee, 
Master Car Builders’ Assn., 
Baltimore, Md. 

Dear Sir: In conformity with the action taken at the joint 
meeting of the M. C. B. Train Lighting and Equipment Commit- 
tee, and representatives of axle light manufacturers held at Chi- 
cago, February 3, 1916, and in response to a circular letter written 
by you under date of February 7, 1916, to each of said repre- 
sentatives, confirming. such action, a meeting of said representa- 
tives was held at 30 Church street, New York City, February 18, 
1916, at which the undersigned were present. 

This meeting considered the two subjects referred to in your 
letter, viz: 

(A) Rating of Axle Generators. 


(B) Standardization of Pulleys and Bearings for Generators 
using armature pulleys less than 8 in. in diameter. 
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Under the subject (A), Rating of Axle Generators, the meet- 
ing discussed the items enumerated by you, and decided to recom- 
mend for your consideration, as follows: 

An initial air gap of 3/32 of an inch for plain bearing machines 
and 1/16 of an inch for ball-bearing machines is recommended 
with the permissible decrease to .085 in. on plain bearing ma- 
chines and .050 in. on ball-bearing machines to compensate for 


wear on tools and bearings, air gap to be measured by means of . 


a suitably designed shim. 

(1) Temperature rise to be measured by thermometers as 
specified by the A. I. E. Ey, page 1962, Standardization Rules, 
Sections 317 and 345. 

(2) Temperature rise in any part of the generator after the 
test to be described later, shall not exceed 65 deg. C. 

The ambient temperature shall not be greater than 40 deg. C. 
nor less than 20 deg. C. See Section 305, page 1958, and Section 
320, page 1960. 

No correction shall be made in the observed temperature rise 
due to variation in ambient temperature, as recommended by 
the A. 1. E. E., page 1950, Standardization Rules, Section 320. 

(3) Test shall be conducted with hand hole covers removed, 
and air draughts shall be avoided as far as reasonably practicable. 
Section 800, page 2008, Standardization Rules. 

The standard rated voltage shall be, for so-called 30-volt 
generators, 40 volts. 

(4) The test for determining whether or not a given generator 
meets the conditions of a given kilowatt rating shall be as fol- 
lows: 

The generator shall be connected with its regulator or regul- 
lating panel in normal operating manner, except that no storage 
battery, lamps, lamp regulator or lamp resistances shall be used. 

A fixed resistance, equal in ohms to the quotient obtained by 
dividing the rated volts by the rated amperes, shall be connected 
across the terminals of the system (generator and regulator con- 
stitute the system) at the points where the lamp load would 
ordinarily be connected. This resistance shall be preferably made 
of a resistance metal having a zero or nearly zero temperature 
coefcient and be kept at constant temperature preferably by 
placing in a barrel through which running water flows. 

The generator shall be driven at such a speed that the rated 
volts shall appear at the terminals of the system and fixed re- 
sistance and the rated amperes shall flow through the fixed re- 
sistance. (The resistance of the exterior connecting wires, cables 
and their connections, through which the rated current flows 
may be regarded as constituting a portion of the fixed resistance. 
No allowance, however, shall be made for resistance or drop in 
any of the apparatus itself.) 

At the end of one hour the speed shall be noted and recorded 
and this speed shall be designated as “Rated Speed at which 
Generator Carried Load.” (The object of this one hour run is 
to heat the generator rapidly and thus obviate the necessity of 
an inconveniently long test.) 

The speed of the generator shall then be increased 50 per 
cent and the field current shall be adjusted, if necessary, either 
by hand or automatically, so that the rated volts and amperes 
obtain as before. (In the case of free speed generators the in- 
creased speed shall be measured on the armature shaft.) In the 
case of slipping belt or controlled speed generators, the increased 
speed shall be measured on the driving shaft, it being understood 
that but one belt connects the armature pulley and a pulley on 
said driving shaft.) 

This increased speed shall be called “The Normal Speed of 
the Generator,” as it represents very nearly the average speed at 
which an axle generator operates in practical service. 

The normal speed, rated volts and rated amperes shall be main- 
tained constant for three (3) hours, at the end of which time 
temperatures shall be taken, observing the usual precautions. 

During this-test the generator field current may be adjusted 
automatically or by hand, to maintain the normal speed, rated 
volts and rated amperes constant. In the case of slipping belt 
or controlled speed generators, the tension on the belt may be ad- 
justed automatically or by hand to maintain the normal speed, 
rated volts and rated amperes constant. 

If the rise in temperature of no part of the generator exceeds 
65 deg. C., the generator shall be declared to be of a rating not 
less than that under which the test was made and at the “Normal 
Speed.” 

The name plate of generator, in addition to such other in- 
formation as the manufacturer may wish to incorporate, shall be 
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stamped with the volts, amperes and r.p.m., these quantities being 
the rated volts, rated amperes and rated speed as above de- 
termined. 

Under the subject (B), Standardization of Pulleys and Bearings 
for Generators using armature pulleys less than 8 in. in diameter, 
the meeting discussed the question of ball bearings for so-called 
light. weight, high speed generators, and pulleys and pulley fits. 
It was the consensus|of opinion-that there are not at the present 
time sufficient data from which any recommendations can be 
made on the following: 

(1) As to the dimensions and taper of pulley fits, design of 
hub, and diameter of pulley for generator pulleys used with axle 


From Left to Right—H. C. Meloy, Engr. Elec. Appl. N. Y. C., 
Lines West; Alex McGary, Chief Elec. N. Y. C., Lines East; E. W. 
Jansen, Elec. Engr. III. Cent., J. A. Andreucetti, Secy.-Treas. A. R. 
E. E. and Gen’! Fm’n. C. & N. W., and E. Wanamaker, Elec. Engr. 
Rock Island. 


equipments when pulley diameters of less than 8 in. are required. 
(2) As to the adoption of a size of ball bearing to be used 


with the equipment where it is desired to use a smaller size than 
the No. 412. 

No statistics on the number of equipments of any particular 
manufacture were discussed. 

It was the consensus of opinion that more time must be al- 
lowed for the development of the so-called high speed, light 
weight generator before recommendations affecting design and 
construction can be presented to your committee by the manu- 
facturers. 


The letter was signed by W: L. Bliss, recording for T, L. 
Mount, Third Vice-President, Consolidated Railway Electric 
Lighting & Equipment Co.; W. F. Bouche, Supt. Electrical 
Dept., Gould Storage Battery Co.; G. E. Hulse, Chief Engineer, 
Safety Car Heating & Lighting Co.; J. L. Woodbridge, Chief 
Engineer, Electric Storage Battery Co.; H. D. Rohman, Chief 
Electrical Engineer, Franklin Ry. Supply Co.; W. L. Bliss, Chief 
Engineer, U. S. Light & Heat Corporation. 

In closing his report Mr. Bliss said that there is so 
much diversion in the specifications of the various rail- 
roads that it is impossible to standardize apparatus 
under them. He said uniformity is an impossibility 
because the specifications do not produce the same 
apparatus with the same nominal rating. 


Cost Keeping for Railroad Shop Power 
FE. Wanamaker, electrical engineer of the Rock Island, 
presented his paper on the “Method of Cost Keeping for 
Railroad Shop Power” which is published in full in the 
June issue of the Railway Electrical Engineer. This 
paper was also presented at the Master Mechanics as- 
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sociation convention as one of their reports. In discuss- 
ing his paper, Mr. Wanamaker said that on his own road 
‘they had gone to considerable expense to find out exactly 
where they stood on the matter of shop power cost, and 
that the results show that their efforts were entirely 
justified. He said that in some cases where they used to 
figure that the cost of pumping water was 2% cents per 
thousand gallons, it was found the cost was as high as 
11 cents. In many similar instances it was found eco- 
nomical to buy electric current from the local power com- 
panies and put in an automatic motor driven pump that 
the station agents could inspect once or twice in 24 hours 
and that the traveling electrician could visit once or twice 
a month. He laid stress on the fact that it pays to find 
out what operating costs amount to. Mr. Wanamaker’s 
definition of an efficiency engineer was that he is simply 
a business man who has time to find out where he is at. 
He said that they were able to save, on the Rock Island, 
with very little effort, $100,000.00 and that it did not re- 
quire very much effort or hard work to do it. He also 
said that a man was perfectly safe in jumping into most 
any of the railroad power plants and guaranteeing 40 or 
50 per cent reduction in the cost of operation, but to do 


this suitable testing a»paratus, including flow meters and . 


indicators, must be available and used. 
Maintenance of Electric Storage Batteries 


In the absence of Ernest Lunn, chief electrician of the 
Pullman Company, his paper on the “Maintenance of 
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Lead Storage Batteries in Car Lighting Service” which 
was published in the June issue of the Railway Electrical 
Engineer, was read by K. R. Hare. 

Mr. Meloy, of the New York Central, said that he had 
been following the plans suggested by Mr. Lunn and had 
had equally good success. He pointed out, however, that 
by adopting the system outlined in Mr. Lunn’s paper, the 
specific gravity readings would have to be given up and 
he thought it would be a mistake to do so. He said on 
the New York Central they make it a practice of taking 
the gravity of three cells as well as the voltage on dis- 
charge of all cells. He said that they not only take the 
specific gravity reading to keep a check on the gravity ot 
the acids, but when taking these readings they often de- 
tect leaky tanks. He said that it would be possible when 
taking voltage readings alone on discharge to get a per- 
fect reading on a tank with a low electrolyte and for this 
reason he thought the specific gravity reading should be 
taken in addition. 

Mr. Sloan stated that they had been using that system 
of voltage inspection on the Pennsylvania since 1897 with 
excellent results). Mr. Hare stated that when he went 
with the Northern Pacific in 1912 he found the system 
of taking individual voltage readings of cells on dis- 
charge, a standard practice for checking up faulty bat- 
terres and that this system is still being used on that road 
with perfect success. Mr. Lunn’s paper was accepted as 
read and he was extended a vote of thanks by the asso- 
ciation. 


Exhibits of Imterest to Electrical Men 


HE following exhibits at the Atlantic City conven- 
tions of the Master Car Builders’ and Master Me- 
chanics’ associations are of interest to the railroad 

electrical men: 

Buda-Ross Company, of Chicago, Ill., exhibited an arte 
headlight with an 18-in. case and reflector, also a 16-in. 
unit with incandescent lamp equipment. The company 
was represented by Mark A. Ross and J. P. Bayley. 


Chicago Pneumatic Tool Company, of Chicago, Ill., 
exhibited numerous electric-operated tools and with the 
present tendency to replace air-operated tools with elec- 
tric tools this part of its exhibit was of special interest. 
The company was represented by W. O. Duntley, W. B 
Seelig, C. F. Walker, W. P. Pressinger, Thomas Aldcorn, 
fharlies ‘Booth, ?]..G. Campbell,.G. A. Barden, E. M. 
Zoime, W. J. Devlin, B. H. Tripp, A. M. Brown, T. G. 
Smallwood and W. F. Delaney. 


Consolidated Railway Electric Lighting & Equipment 
Company, of New York, exhibited their new body-hung 
type axle generator, the details of which will be published 
in an early issue of the Railway Electrical Engineer. A 
complete operating exhibit of their car lighting sy stem 
demonstrated the operation of the ampere hour meter in 
controlling battery charging and showed the various 
emergency features of the Consolidated system which are 
deciened to prevent the meter from getting out of step 
with the battery. Both Edison and lead batteries were 
shown in connection with the equipment which operated 
with either type as desired. The company was repre- 
sented by J. L. Watson, H. I. Ryer, W. R. Hungerford, 
Tnos. L. Mount and D. N. Balderston. 


Edison Storage Battery Company, of Orange, N. J., 
exhibited a standard steel Pullman battery box with a 
complete Edison train lighting battery, of the A-8-H-type, 
installed. One-quarter of the battery box was empty, 
this feature illustrating the saving in space effected by 
the Edison battery. 

It also exhibited an assembly of all types of trays 
for battery trucks, industrial and shop trucks, battery lay- 
outs and all of the various types of assemblies for railway 
car lighting. 

Two large display boards which showed the details of 
battery manufacture from the beginning to the end were 
among the interesting exhibits. These were illuminate 
by a large storage battery searchlight unit which this 
company is just placing on the market as an emergency 
light for wrecks, railroad construction, ete. 

The company was represented by “Battery Bill,” H. G, 
Thompson, F,. V. McGinness, H. M. Roberts, E. T. Saw- 
Vere Sane etdebrant.and: W. r. Bauer 

Electric Storage Battery Company, of Philadelphia, 
Pa., exhibited its new 3 kw. body-hung axle generator, 
also a new 3 kw. truck mounted type generator, the for- 
mer of which will be described in an early issue of the 
Railway Electrical Engineer. A new type of battery 
crate with open space at the sides, bottom and between 
the two tanks of the tray was on exhibit. This unit is a 
modification of that described on page 295 of the Feb- 
ruary, 1915, issue of the Railway Electrical Engineer. 

A new type of wooden separator was also exhibited, 
this having a heavy section w he the separator rests on 
the bottom support. 

A new signal battery of two cells per unit in a portable 
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shape was shown. This has the same vent hole construc- 
tion as starting and lighting batteries which have been so 
successful in automobile service. 

An operating exhibit of its car lighting equipment 
with complete control panel was shown. 

This company was represented by J. Lester Wood- 
bridge, F. G. Beetem, G. H. Groce, Charles W. Bell and 
Hoku, 

Elwell-Parker Electric Company, of New York, exhib- 
ited a new elevating platform truck of the type known as 
“EC.” With this truck it is possible to run the platform 
under a load and quickly load the truck by simply raising 
the platform. On unloading the platform is simply low- 
ered. It also exhibited an industrial truck and a crane 
truck. The company was represented by L. C. Brown, 
G. W. Brown, M. S. Towson, Jos. M. Brown, Frank B. 
Ward, J. W. Emery, J. W. Cain, E. G. Jackson and S. G. 
Elbe. 

Fairbanks, Morse & Co., of Chicago, Ill., exhibited 
their new ball bearing type electric motors of 50 hp. ca- 
pacity and smaller. The special insulation treatment of 
the motor was also shown, also the internal type starter 
known as the “CC.” The company was represented by 
A. A. Waylors. Ce by Bucitt. Ks -Po- Brow. Gcoree 
Howard, J. L. Jones and M. O. Southworth. 

Franklin Railway Supply Company, of New York, ex- 
hibited the new Stone-Franklin car lighting system in 
addition to its regular line of mechanical specialties. 
This system is being described in the A. B. C. Car Light- 
ing Course of the current issue. A completely assembled 
generator, properly mounted, was shown in addition to a 
supply of detailed parts to show the construction of the 
machine. A regulating panel, complete, as installed in 
the car, was also on exhibit. The company was repre- 
sented by J. S.-Coffin, Sr., Samuel G. Allen, Walter H. 
Coyle, Ralph G. Coburn, C. W. Floyd Coffin, J. S. Cof- 
fin, Jr.. Henry D. Rohman and Harry M. Evans. 

General Electric Company, of Schenectady, N. Y., had 
an interesting exhibit of its arc-welding equipment be- 
hind the middle screen, into which were fitted numerous 
colored glass windows permitting ail visitors to see ex- 
actly how arc welding is done, without injury to their 
eyes. Various kinds of welds were made. They also 
exhibited a complete line of lamps and a new double- 
spindle shaper, directly connected to an 8,000 r. p. m. 
motor, the speed of which could be adjusted at will by a 
controller. This shaper illustrated the great advantage 
of electric motor drive in that the smaller space occupied 
was three by four feet as compared with four by sixteen 
feet as commonly required by the belt-driven shaper. 

Various starting panels and starting switches with pro- 
tective plugs and night switches with lock-out switch, 
emergency switches, contractors, etc., were shown. 

A 25-hp., 230-volt reversing motor panel for cleaners 
was shown operating with push-button control. In addi- 
tion a complete line of motors and motor accessories was 
exhibited. 


The company was represented by W. O. Kellogg, C. H. 
Williams, J. A. Boers, L. T. Blaisdell, W. J.<Glarkee Aa: 
Dyer, F. S. Hartman, R. E. Moore, C. C. Pierce, E. F. 
Lawrence, R. S. Bennett, C. Fair, R. E. Woolley, W. L. 
Merrill, J. W. Ham, J. A. Seede, D. K. Frost, H. L. Un- 
land, C. D. Knight and L. W. Shugg. 

Goff Electro Pneumatic Brake Company, of Pittsburgh, 
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Pa., exhibited an electro pneumatic brake appliance for 
steam and electric cars. An air storage tank is provided 
on each car, which is charged from the air train line; an 
electrically operated valve controlled by the locomotive 
engineer sets the brakes on all cars simultaneously, 
thereby eliminating the surging of the cars as the flat is 
taken up due to uneven brake application. The company 
was represented by M. D. Hays, Frank Goff, Howard 
Goff and Thomas Joiner. 


Gould Storage Battery Company, of New York, eXhib- 
ited its new type of positive plate for storage batteries 
known as the chemically pure plate. This plate was de- 
scribed in the June, 1916, issue of the Railway Electrical 
Engineer. It also exhibited a new body-hung type 
axle-generator suspension for accommodating its stand- 
ard low speed generator and also its new high speed 
generator especially designed for body mounting. An 
operating exhibit demonstrated the characteristics of the 
car lighting system. The company was represented by 
F, P..Huntley, G. G.-Milne, C. E. Rood ;Gaiercess 
P. H. Simpson, W. F. Richards, W. HSatvaeemeaeae 
Young, M. R. Shedd and W. F. Bouche. 


Johns-Manville Company, H. W., of New York, exhib- 
ited a complete line of electric material, including lighting 
fixtures, friction tape, ““No-Arc’”’ fuses, line material, etc. 
The company was represented by J. E. Meek, J. © 
Younglove, G. A. Nichol, P. C. Jacobs, F. J. Horne and ™ 
H. G. Newman. 


“Kerite Insulated Wire & Cable Company, of New York, 
had their usually attractive reception booth in which sam- 
ples of Kerite wires and cables were exhibited. The com- 
pany was represented by Azel Arces, P. W. Miller, J) A: 
Renton and J. W. Young. 


Lincoln Electric Company, of Cleveland, Ohio, exhib- 
ited its variable voltage arc welding equipment and an 
operating welder showed the characteristics of the ma- 
chine. Actual demonstrations of welding flues, building 
up worn motion parts, broken frame repairs, etc., were 
executed in the exhibit booth. With its new type of 
equipment no resistance is necessary in the arc circuit, as 
the welding equipment is so designed as to give a constant 
heat over the operating range of the unit—in other words, 
the product of current times voltage is always constant. 
The motor generator welding set was micunted on ball 
bearings. The company was represented by Root. E. 
Kinkead and Dorsey C. Anderson. 


Mechancal Specialty Company, of Chicago, Ill., exhib- 
ited an interesting display of MB type wrenches, nippers 
and pipe tongs. The latter were of especial interest to 
electrical men because of the ease with which conduit 
can be screwed into space in very confined quarters. The 
tongs bear on two-thirds of the circumference of the pipe 
and the work can be installed where a wrench action of 
only 10 degrees is possible. The company was repre- 
sented by George R. Law. | 

Okonitie Company, of New York, exhibited Okonite 
insulated wires and cables of every type suitable for every 
electrical service, also Okonite splicing and Manson fric- 
tion tape. The company was represented by Lewis G. 
Martin, J. D. Underhill, W. T. Kyle and F. J. White. 

Pyle-National Company, of Chicago, IIl., exhibited 
its new 2%4-kw. turbo-generator set suitable for light- 
ing a suburban train of ten cars in addition to the electric 
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headlight. It also exhibited a 1,500-watt, a. 300- 
watt and a 150-watt, 6 volt turbo-generator set, each 
with a standard are headlight and incandescent headlight 
case. A full line of headlight accessories, repair parts, 
etc., were also shown. The company was represented by 
William Miller, C. E. Miller, C. P. McGinnis, O. W. 
Young, R. L. McIntosh, R. C. Vilas and J. Will Johnson. 

Pyrene Manufacturing Company, of New York, gave 
some interesting demonstrations as to how readily Py- 
rene fire extinguishers will put out a heavy electric arc. 
The company was represented by E. L. Kent, Benjamin 
viurask, HB. Vandegrift, W. H. Yetman and William 
etree > 

Reliance -Electric & -Engineering ORT te of Cleve- 
land, Ohio, exhibited both direct and alternating current 
control apparatus for variable speed motors. A motor 


Views of Car Lighting Belt of Safety ‘‘Under-Frame”’ Equipment 
in Operation. Left—Rounding a Ten Degree Curve, 35 m. p. h. 
Right—Rounding a 27 Degree Curve, 45 m. p. h. 


equipped with Hyatt roller bearings and in which 
all internal parts were exposed was also on exhibit. An- 
other interesting feature of their exhibit was the demon- 
stration of variable speed motor range from 400 to 1,600 
r. p. m. obtained by shifting the armature laterally in the 
field frame. Push-button control with motor operation 
of the armature shifting makes it possible to adjust the 
speed of the motor from any point in the shop. The 
motor was belted to a generator so that it was demon- 
strated under full load operating conditions. The com- 
pany was represented by C. L. Collens, H. M. Hitchcock, 
A. M. MacCutcheon, C. A. Beck and J. Z. Kelly. 
Safety Car Heating & Lightmg Company, of New 
York, had a very interesting exhibit of an “underframe” 
generator with its suspension mounted on a swinging 
truck frame so that the complete generator with suspen- 
sion could be swung through an angle to correspond with 
the swing of the car as it rounds a curve in actual service 
on the iad: The axle generator was driven at all vari- 
ous train speeds in the various positions corresponding to 
certain degrees of track curvature. In this matter the 
operation of the axle generator belt on rounding curves 
was very clearly Ecce et as shown in the illustrations. 
The view at the right shows the generator swung to the 
extreme position which would correspond to rounding a 
27-degree curve and the equipment is here operating at a 
speed corresponding to 35 miles per hour. In the view 
at the left the equipment is swung to a degree correspond- 
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ing to a 10-degree curve and the generator is operating 
at a speed of 45 miles per hour. A small model of the 
generator suspension was exhibited which demonstrated 
that the belt tension maintained by the device is almost 
exactly constant throughout a wide swing of the genera- 
tor, which might be caused either by the belt stretching 
or by a change in the distance between centers on round- 
ing a curve. 


A large assortment of car lighting fixtures of the vari- 
ous types and the Safety Car Fan were also on exhibit. 
The company was represented by R. M. Dixon, W. L. 
Conwell, J. A. Dixon, AsxC. Moore, W. L. Garland, G. E. 
fig comp a omiienny.- Gb. adams, GH. Chadwell, L. 
Schepmoes, J. H. Rodger and W. I. Thomson. 


Schroeder Headlight Company, Inc., of Evansville, 
Ind., exhibited its new 2%-kw. electric turbo-generator 
suitable for lighting eight or ten suburban cars in addi- 
tion to the electric headlight locomotive cab lights. It 
also exhibited its standard sizes of headlight units. A 
special feature of the exhibit was the adjustable focusing 
stand for use in the old type headlight cases, making it 
possible to bring the concentrated filament of the new 
type incandescent lamp to the exact focus center of the 
headlight. The company was represented by J. Henry 
Schroeder. 

U. S. Light & Heat Corporation, of Niagara Falls, 
N. Y., exhibited their standard axle generator equipment 
and an operating exhibit demonstrated the behavior of 
the system under all sorts of operating conditions of vary- 
ing loads, varying speeds and varying conditions of bat- 
tery charge, etc. U.S.L. storage batteries for car light- 
ing and for signaling were exhibited both in the complete 
assembled form and in disassembled parts, showing the 
details of battery construction. A full set of axle genera- 
tor parts showing the construction of the generator were 
also exhibited. The company was represented by J. Allan 
Smith, A. H. Ackermann; C. C. Bradford, H: -A. Mat- 
thews, E. F. Oates, W. L. Bliss, W. A. Turbayne and 
Pe Canny: 

Westinghouse Electric & Manufacturing Co., of East 
Pittsburgh, Pa., occupied their attractive reception booth 
adjacent to the ballroom as usual. Although they did 
not exhibit any equipment, the electric welding of high 
speed steel on the tip of cutting tools was demonstrated. 
This feature is described in another part of this issue. 
As a special feature of the convention, this company had 
leased a moving picture theatre adjacent to the conven- 
tion hall and there showed a complete series of “movies” 
taken on all of the various Westinghouse railroad electri- 
fications. These pictures demonstrated the operation of 
electric locomotives under actual service conditions and 
was most interesting and instructive. 

The company was represented by R. J. Ross, H. C. 
Mode, R. L. McLellan, J. W. Crowley, J. H. Bryan, W. 
H. Patterson and H. W. Beaumont. 


Westinghouse Lamp Company, of New York, occupied 
an elaborate reception booth adjacent to the main ball- 
room, where a complete installation of high candlepower 
Mazdas was installed to give an added illumination in 
the entire Westinghouse booth. A complete assortment 
of various lamp sizes was also shown in display panels. 
The company was represented by Elliott Reid and H. W. 
Rolinson. 


Application ofAnti-F riction Bearings 
Il 
T. V. Buckwalter 


HE first part of this article, which describes the ap- 
plication of anti-friction bearings on electric 


tractors and industrial trucks in the service of the 
Pennsylvania, appeared on page 377 of the June, 1916, 
issue. 
About 25 steel hand baggage trucks of a light weight 
design have been constructed and placed in service with- 
in the past year. 


A general view of the truck is shown 


Fig. 12. Steel Hand Baggage Truck—Weight, 510 Ibs.; Capacity, 
4,000 Ibs.; Length, 10 ft.; Height, 30 in. Timken Bearings. 


in the attached photograph and sectional view of the 
axle showing the bearing mounting is shown in photo- 
graph of drawing. These trucks are equipped with Tim- 
kin bearings on all four wheels, the bearings being 
mounted to take thrust in all directions, and to take the 
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Fig. 13. Steel Hand Baggage Truck—Front Axle Section Showing 


Application of Timken Bearings. 


load equally. Two bearings are mounted in each wheel 
as shown in Fig, 13. 

The weight of this truck is 510 lb., of which the wheels 
represent 140 Ib., leaving a net weight on the bearings 
of 370 Ib. The capacity is 4,000 lb., making a total load 
on the bearings of 4,370 lb., or 1,090 Ib. per wheel, or 545 


Ib, per bearing. The bearing used is the Timkin No. 


336, having a rating at constant normal load of 625 Ib. 
each. The weight on each bearing with normal load is 
therefore 87 per cent of the normal constant load of the 
bearing, and in addition to this load due to weight, there 
is some thrust load taken by these bearings due to road 
shocks and curving, but these thrust loads are considered 
to be negligible. 

There are no records of failures of any of the bearings 
on steel hand baggage trucks, and the truck is considered 
to be the easiest running hand baggage truck that we 
have, which is due possibly to the light weight and roller 
bearing wheel mountings. 


Trucks for Creosoting Plants 


The trucks for creoscting plants were constructed to 
replace trucks furnished by outside manufacturers at 
creosoting and timber treating plants. Replacement was 


made on account of the failure of the former trucks to 
stand up in severe service, and also to the fact that the 


Fig. 14. Creosoting Plant Truck—Tie Truck. 


trucks must be moved by hand with a load approximatinz 
five tons for short distances, and this feature presented 
too many difficulties with the plain bearing trucks. 

The trucks are made in two general types, namely, tie 
trucks with four wheels and integral bolsters and timber 
trucks with four wheels and swinging bolsters, the object 
of the latter being to facilitate the loading of long tim- 
bers. The weight of the tie treating truck is 1,400 1b. an‘ 
that of the timber truck 1,680 lb. The data regarding the 
timber trucks is as follows: 


Weight or: *whteel-and axtes. a: 2.2. co) eee 450 Ib. 
Net welshteon sheanings cme. once cen 1,230 Ib. 
CapacityarOaee ke eee iene ne ore tec eee 10,000. 1b. 
Thoftalew ele ito Deaciiigsa eye ein ante erate 11,230 Ib. 
Load on each bearing when uniformly 

distaibuted eases ees. Se ee 2,810 Ib. 
Normal capacity of bearing at 500 R.P.M...... 1,920 lb. 


Average speed of bearing at 10 miles per hour 280 R.P.M. 
The bearings selected for this work are the Hyatt 
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flexible roller type, all manufacturer’s number 12,725. 
A peculiarity of the Hyatt bearing is that it will not 
take thrust in any direction and is adapted to take radial 


Fig. 15. Creosoting Plant Truck—Train Tie Truck. 


load only. The thrust on the timber treating trucks, 
which is considerable, is taken directly on the hubs of 
the wheels on plain surfaces formed on the bearing 
housing. , 

These bearings are loaded at times to 50 per cent. 
above their normal capacity, and in the five years they 
have been in service there are no recorded failures, al- 
though there are a total of 200 trucks in service. 


HE rapid growth in recent years of axle-light de- 
vices for car lighting, the recent appearance of 
light-weight “body suspended” car-lighting gen- 

erators differing radically from the earlier forms 
arranged for truck suspension, improvements in details 
of car-lighting accessories, rendering certain parts here- 
tofore accepted as Aecommended Practice obsolete, and 
the improvement in the art of incandescent-lamp manu- 
facture and reduction in lamp cost, make available an 
additional unit for car-lighting work, etc.; in considera- 
tion of these facts it appeared advisable to the committee 
to review the work of the Train Lighting and Equipment 
Committee since its inception, and as a result the com- 
mittee suggests a revision of certain Recommended Prac- 
tices, as follows: 

Change the present paragraphs 23, 27 and 28 to the 
following: 

3. Clearances.—(a) The axle-generator stspension 
shall be so designed that with car on level track the clear- 
ances shall be as great as possible but not less than those 
specified below: , 

(b) From any part of the generator or suspension to 
Cl URS Se ees cota Ske sole lel 2 ae a a aa 6 in. 

(c) On truck-suspended generators from any part 
of the generator or suspension to the car body or any 
Pareearacned thereto. : 072. e nee oe te eos 3% in. 

(d) With all parts of the car and axle generator. 
affecting the clearances, in the same condition as when 
new, with the minimum belt tension to drive load and 
with the generator in any service position with respect 
to the suspension and with the truck in any service posi- 
tion with respect to the car body, the clearance from any 
part of the belt to the end sill, brake beam or to any other 
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It is interesting to note that no provision was made to 
lubricate the bearings on these trucks. The only lubri- 
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Figen ol6; 
Showing Mounting of Hyatt Bearing and Provision for Taking 
End Thrust. 


Creosoting Plant Trucks—Sectional End Elevation 


cant they receive is the immersion in creosote at each 
treatment of their load of timber or ties. 


ort Car Lighting 


part of car body or truck shall be as follows: 


End Sill Brake Beam To any other 
_— ———~ part car body 
e. Over Under Over Under or truck 
Truck supported...... 1 in. 14% in. 2Y%in. 1in. yY% in. 
Body supported....... 1% in. 1¥y in. Se) Nba hata. Ruel 
(e) With any or all parts of car and axle generator 


wern to the aliowable limits and other conditions the 
sarne as in paragraph (d), from the belt to any part of 
cher UcR OT Ca teNOd mee. Nic... 2 aka elas eee 1% in. 

Change paragraphs 25 and 26 to the following: 

4. Generator.—Suspensions—(a) In axle-genera- 
tor suspensions, all supporting parts subject to wear shall 
have the wearing surfaces bushed. 

(b) Ali axle generators shall be provided with safety 
chains or an equivalent construction which will safely 
support the generator in case of failure of the suspension. 

(c) In truck-supported axle generator suspensions, if 
side arms be used, the end to be secured to the truck 
frame shall extend under the transom and be secured to 
the side frame near the transom and shall be securely 
attached to the end sill by a U bolt not less than 34 in. 
in diameter, or a construction equivalent in strength. 

Add: 7. Generator—Armature Pulley.—(c) On all 
sleeve bearing axle generators having armature pulleys 
8 in. in diameter or larger, the armature pulley shall be 
in accordance with the dimensions as shown in Fig. 1. 

(d) On all axle generators having armature shafts 
less than 1% in. in diameter at inner end of pulley seat, 
the armature pulley shall be in accordance with Fig. 2. 

Add: 8. Generator—Armature Pulley Seat—(c) 
On all axle generators having armature shafts less than 
1% in. diameter at end of pulley seat, the pulley end of 
armature shaft, the nut, key and cotter pin shall be in 
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exact aécordance with the dimensions shown in Fig. 3. 
Change paragraph 17 to 11 as follows: 
11. Batteries —Boxes, Ventilation of —(a) Each bat- 
tery box shall be provided with adequate ventilation as 
follows: 


(b) 


Inlet openings located on the longitudinal center 


line of the floor of the battery box having a combined 
area of approximately six sq. in. for each 225¢-in. com- 
partment. 

(c) 


Outlet openings located near the top of the bat- 
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Fig. 1—Armature Pulley for 8 in. or Larger Pulleys for Sleeve 
Bearing Generator 


tery box having a combined area of approximately six 
sq. in. for each 225¢-in. compartment. 
Change paragraph 15 to 12 as follows: 


i2. Batteries —Trays, Dimensions of.—Storage bat- 


teries for car lighting service shall be assembled in trays. 


Fig. 2—Armature Pulley for Axle Generators Having Armature 
Shafts Less Than 1% in. in Diameter. 


whose maximum dimensions shall not exceed those given 
in lig. 4 when used in battery box having minimum di- 
mensions given in paragraph 10 (a). 

Change paragraph 11 to 15 as follows: 

15. Batteries —Fuses, for, Etc—(a) That each elec- 
trically lighted car equipped with battery box or boxes 
shall be provided with suitable metal fuse boxes, said 
boxes to be. mounted close to the positive and negative 
terminals of each set of batteries, as shown in Fig. 5 
and Fig’ 6. 

(b) These fuse boxes shall have mounted in them a 
-block provided with fuse contacts having a capacity of 
101 to 200 amperes. (The knife blade and screw con- 
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tacts of the Standard N. E. Code were shown as being 
desirable for this purpose. ) ; 

Change paragraph 6 to 17 as follows: 

17. Wirimg.—Train Lines and Connectors.—(a) Cars 
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Fig. 3—Nut, Key and Cotter Pin for Pulley Shown in Fig. 2 


operated in head-end system trains shall be equipped with 
three train line wires of No. 4/0 A. W. G. 

(b) Cars not operated in head-end system trains may 
be equipped with two train line wires of No. 2 A. W. G. 

(c) All cars equipped with train lines shall have the 
wires terminate in train line receptacles so designed that 
a standard train line connector such as shown in Fig. 7 
and located as shown in Fig. 8 may be used. 

(d) I£ only two wires are used they shall be con- 
nected to the outside terminals and the train line recep- 


MAXIMUM DIMENS/ION PERMITTED 
WITH MINIMUM OEPTH OF 
BATTERY 80O% 


Fig. 4—Maximum Dimensions of Batteries Assembled in Trays 
tacle on each end of the car shall be stencilled: “Nor FoR 
USE ON HEAD-END SYSTEM.” 

(e) Where train line wires are used they shall be 
transposed as shown in Fig. 9. 

Change paragraph 22 to 18 as follows: 

18. Wiring.—Generator Leads—The electrical con- 
nections between the axle generator and permanent wir- 
ing on the car shall be made in such a manner that the 
leads cannot be transposed. 

Change paragraphs 3 and 4 to 21 as follows: 
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21. Wiring.—Installation of Conduit and Wire.—The 
following rules shall be used for car wiring: 

(a) Conduit—All conduit shall conform to the re- 
quirements of the National Electrical Code. It shall, 
wherever possible, be run on the interior of the car but 
not exposed to view. Ends of conduit shall be cut square 
and the interior reamed smooth, the contour of the mate- 
rial from the inner to the outer wall at the ends being 
approximately a quarter circle. Conduits shall not “butt” 
in couplings. Where threads on conduit are exposed 
they shall preferably be red or white leaded and painted. 
The conduit shall be of such a size and so arranged that 
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installed as close to the terminals of the battery, both 
positive and negative, as possible. All boxes shall be so 
installed as to render the covers of same readily acces- 
sible. The covers of boxes exposed to the weather shall 
be applied in such a manner as to render the box “weath- 
erproof.” 

(c) Wire—AIl wires shall be insulated with Grade 
“A” (30 per cent Para rubber) insulation if mineral base 
compound be used according to the specification of the 
Association of Railway Electrical Engineers, or equiva- 
lent, and shall be double braided, or if a wax base com- 
pound be used it shall be of a corresponding quality. No 


TO SWITCHBOARD. 


Fig. 5—Method of Connecting Set of Batteries to Car Wiring 


the wires may be pulled in after the car is completed and 
pulled out for repairs without it being necessary to re- 
move the interior finish of car. Conduit less than 3 in. 
shall not be used. Conduit and fittings shall be firmly 
and securely attached to the car body. The conduit 
system shall be so installed as to form a good, continuous 
electrical conductor and shall be grounded to the frame- 
work of the car. On steel or steel-underframe cars the 
supports of the conduit system will be considered as con- 
stituting an adequate ground. On wooden cars the con- 
duit system shall be grounded by means of a copper wire 
of not less than No. 6 A. W. G. securely attached to the 
conduit and to some portion of the steel work of the car 
that has an electrical connection with the rail, so as to 
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Fig. 6é—Location of Charging Receptacle Fuse Block and Arrange- 
ment for Ventilation of Battery Box 


form a good electrical connection at the points of attach- 
ment. The connections of the ground wire shall be ex- 
posed to view and easily accessible. 

(b) Fuse, Junction Boxes, Etc-—Fuse, Junction, out- 
let, connection and pull boxes exposed to the weather 
shall be of cast iron. The wall thickness at the bosses 
for the conduit shall be such as to ensure at least five 
threads of the conduit are engaged and that the interior 
of the boss be rounded off so as to provide the equivalent 
of an outlet bushing. ‘‘Knock-out’” boxes or pressed or 
formed steel boxes may be used when not exposed to the 
weather, and, when used, locknuts shall be used on the 
conduit on both sides of the box wall and an outlet bush- 
ing on the end of the conduit. Pull boxes shall be in- 
stalled where, on account of the length of run or number 
of bends, it would otherwise be difficult to pull in the 
wires, Fuse boxes for the main battery fuses shall be 


wire smaller than No. 14 A. W. G. shall be used, except 
for fixture work where No. 18 A. W. G. is permissible. 
All wires shall be run in metal conduit. No wire shall 
carry, under normal operating conditions, a current in 
excess of the values permitted by the National Electric 
Code for the size of wire in question. Train line wires 
on cars intended for service on head-end system shall be 


INSULATING MATERIAL. #2/0 AW.G, 


Fig. 7—3G Train Line Connector (3-Wire for Head End System) 


INSULATING PIATERIAC 


No. 4/0 A. W. G. Train line wires on cars not intended 
for service on head-end system shall be No. 2 A. W. G. 
All wires of No. 8 or larger shall be stranded. Train line 
connection between cars shall be as follows: 

Head-End System.—No. 2/0 A. W. G., 833 strands or 
more, 5-64 in. insulation and one braid. 

Not for Head-End System.—No. 2 A. W. G,, 133 
strands or more, 4-64 in. insulation and one weatherproor 
braid. The leads from the generator to the terminal con- 
nector on the car body shall be as follows: 

Armature Leads.—No. 4 A. W. G., 61 strands, 4-64 in. 
insulation, one weatherproof braid. 

Field Leads.—No. 8 A. W. G., 19 strands, 3-64 in. in- 
sulation, two weatherproof braids. 

Joints and Splices.—The insulation shall be removed 
from the wire in such a manner that the wire shall not 
be cut, scored or nicked. All joints and splices shall be 
so made as to be both mechanically and electrically secure 
without the use of solder. All joints and splices shall be 
soldered, the soldering flux shall be free from acid. All 
wires joined or spliced shall be installed in such a manner 
that the joint or splices come in a junction box or fitting. 
Slack shall be left in wires at junction boxes and other 
outlets. Care should be taken that no sharp end of wire 
or solder is left to pierce the insulation and cause a 
ground. The joint or splice shall be covered with a rub- 
ber tape to the thickness of the original insulation, and 
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this covered with friction tape to the overall diameter of 
the complete insulated wire. 

[Nore.—The entire Recommended Practices under 
“Train Lighting” were revised and regrouped, but only 
the more important changes are considered here.— 
Epitor. | ne 

Rule 12-C of Code of Rules Governing the Condition 
of and Repairs to Passenger Cars in Interchange was 
drafted several years ago and it was then felt that elec- 
trically lighted cars were of superior class and therefore 
3 charge of 75 cents per day was justifiable to cover the 
use of the electrical equipment. The committee has given 
a thorough study to this matter, as a result of which it is 
recommended that this rule be eliminated and that Rule 
12-E be changed to read as follows: 

“On electric head-end lighting system of passenger- 


Fig. 8—Location of Receptacle for Train Line Connector 


equipment trains the expense of an attendant, if fur- 
nished, shall be prorated among the roads in interest on 
a mileage basis.” 

It is further recommended that Rule 12-D be changed 
to read as follows: 

“For repairs to electric-lighting equipment on cars in 
interchange, or leased cars, the instructions issued by the 
manufacturers of the apparatus should be strictly fol- 
lowed. In the absence of any agreement the material 
furnished and applied must be of the same manufactur- 
er’s make and quality as that which it replaces.” 

This change is suggested to make clear the intent of 
the rule. 

The committee’ has given careful consideration to the 
matter of standardizing lugs on axle generators whereby 
standard makes and types would become interchangeable 
for standard forms of suspension. This question involves 
not only the location of lugs on the axle-generator frame, 
but also the question of truck, car and suspension design, 
and the number of variables in these items is so great 
that the committee believes a satisfactory solution of the 
problem is impossible. 

On page 41, paragraph 21, Voiume 49, Part 1, 1915 
Proceedings of the M. C. B. Association, reads as fol- 
lows: “A member suggests that the matter of electric 
train line jumper connections be considered as standard 
for passenger cars.’ This was referred to this committee 
by the Committee on Revision of Standards and Recom- 
mended Practice. The committee feels, on account of 
the proposed changes in “Recommended Practices” as 
embodied in this report, that it is not advisable at this 
time to make any recommendations concerning advance- 
ment to “Standards.” 


Discussion 


Mr. Davis (chairman): I would like to say a word 
about the elimination of rule 12-C. The report shows 
very clearly why the committee feels that a charge of 75 
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cents a day should be eliminated, but since sending the 
report to the secretary it has come to our attention that 
there is a feeling existing that the present rental charge 
for cars as determined by the American Railway Asso- 
ciation, which is determined on the seating capacity and 
class of car, is not sufficient, and until these charges pre- 
scribed by the association are adjusted somewhat upward, 


Fig. 9—Method of Transposing Train Line Wires (3 Wires) 


that this charge of 75 cents a day for use of electrical 
equipment on cars should be retained. 

Of course, your committee on this subject would have 
no suggestions to offer the American Railway Associa= 
tion as to what the equipment of cars should be, whether 
electric lights or gas lights, and it occurred to us that ii- 
it is desirable to make any charge for the use of electrical 
equipment, it might be as well to use the charge pre- 
scribed by the American Railway Association. But since 
electric lighting has now come into general use, and since 
we can now equip a car with the necessary devices and 
batteries with the standard thirty-volt system at practi- 
cally one-half the cost we could five or six years ago 
when the committee first recommended this charge of 75 
cents per day, and as the equipment is much more relia- 
ble in its performance, the chairman of the committee 
does not feel that any charge-should be specifically made 
for the use of the electric lighting equipment on the car. 
It ought to be considered a car, and the rental value de- 
termined on the basis of seating capacity and class of car. 

wu, W. Rink (C. of N. J.): I see there are twiasecges 
of axles shown, it not being mentioned in regard to the 
finishing of that part of the axle between the wheel pits; 
our experience with an axle of that type, drop forged, has 
been very disastrous, due to the fact that we lost consid- 
erable pull through vibration, the center portion of the 
axle being slightly concentric. We have now gone to the 
straight axle fit, and that permits us to use one size pulley 
sleeved. This comes in very handy, when you consider 
that you have to change the position. In the case of the 
four-wheel truck, we have the pulleys about 4 in. off cen- 
ter. I think, in view of standardization, we ought to trv, 
if possible, to eliminate the M. C. B. axle and stick to the 
one-sized axle, with a straight fit. 

Mr. Davis: It occurs to me that the suggestion is a 
very good one, and I do not know at this moment why 
the committee did not specify that the straight axle 
should be rough turned. 

F.. W. Jansen (1.-C.): The tapered axletshawerm 
straight taper. That naturally means rough turned. On 
the straight axle the exact diameter is given, and it was 
intended that it be rough turned. 

J. R. Sloan (Penna.): It is simply a matter that the 
committee overlooked. We all mean to have it rough 
turned. Mr. Cartwright, will you please restate your 
motion ? 

Mr. Cartwright: I move that the report of the Commit- 
tee on Train Lighting and Equipment be received, in 
accordance with the recommendation of the committee, 
that the committee be continued. 


Se ana : ¢ 4 


___ Operation of the St. Paul Electrification 


Ore Train on the Butte, Anaconda & Pacific and Freight Train on the Chicago, Milwaukee & St. Paul 


HILE many terminal and tunnel installations 
have been made in the past for the purpose of 
eliminating smoke, taking care of suburban traf- 

fic or other local conditions, the Chicago, Milwaukee & 
St. Paul electrification is the first project of the kind 
where electric locomotives were installed to operate over 
several engine divisions.* ) 


The Electrified Divisions 


The four steam engine divisions which were select- 
ed for electrification aggregate 440 miles in length. 
Steam engines were first abandoned on the Three 
Forks-Deer Lodge Division, 115 miles long, and cross- 
ing the main Continental Divide, thus giving the elec- 
trical equipment its initial tryout under the severest 
service conditions of the entire system. The first 
electric locomotives were placed in regular service on 
December 9, 1915, and during the month of April, 
1916, service was extended to Harlowton, making a 
total of 220 miles of electrically operated road. By the 
first of November, 1916, it is expected that steam 
engines will be superseded over the entire distance of 
_ 440 miles from Harlowton, Montana, to Avery, Idaho. 
The length of track between Harlowton, Montana, 
and Avery, Idaho, is approximately equal to that from 
New York to Buffalo or from Boston to Washington. 

In crossing the three mountain ranges included in 
the electric zone, there are several grades of one per 


*Previously described in the December 1914, January 1915 and November 
1915 issues of the Railway Electrical Engineer. 
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cent or more, the most difficult of which is thé 21 
mile two per cent grade between Piedmont and 
Donald, and the longest the 49 mile one per cent grade 
on the west slope of the Belt Mountains. 

The curvature is necessarily heavy, the maximum 
being 10 degrees. There are also numerous tunnels in 
the electric zone, 36 in all, of which the longest is the 
St. Paul Pass tunnel, over a mile and a half in length, 
through the ridge of the Bitter Root Mountains. 

The passenger service consists of two all-steel finely 
equipped transcontinental trains in each direction, the 
“Olympian” and the “Columbian,” and a local passen- 
ger train in each direction daily between Deer Lodge 
and Harlowton. 

Freight traffic through the electric zone comprises 
from four to six trains daily in each direction. West- 
bound, the tonnage is made up of manufactured prod- 
ucts and merchandise for Pacific Coast points and 
foreign shipment. Eastbound tonnage includes grain, 
lumber, products of the mines and some live stock. 

As a larger part of the traffic is through treight, 
trains are made up of an assortment of foreign cars, 
including box and flat cars, coal and ore hoppers, stock 
cars, refrigerators, etc., varying in weight from J1 to 
25 tons empty and as high as 70 tons loaded. These 
cars being owned by many different railway systems 
are equipped with air brakes adjusted for different 
conditions of operation, and in accordance with differ- 
ent standards as to braking power and type of equip- 
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ment, thus making the problem of holding the long 
trains on the heavy down grades by air brakes a most 
difficult one. 


Electrical Operation —- re 


- Electrification promises a material reduction in 
running time. It has been found, for example, that on 
the 21 mile two percent “grade from Piedmont to 
Donald, the electric econ e can reduce the run- 
ning time of passenger trains from an hour and five 
minutes to approximately 40 minutes. On ‘the run 
from Deer Lodge to Butte which, under the steam 
locomotive schedule, required an hour and 20 minutes, 
a saving of approximately 30 minutes can be made. 
In the freight service, it has been found that on the 
first division where the steam locomotives have re- 
quired 10 to 12 hours to make 115 miles, electric loco- 
motives can meet a schedule of from seven to eight 
hours for the same distance. The heavy grades ay 


Ten Degree Curve at the Western Entrance of Silver Bow Canyon 


Showing Feeder Taps 


frequent curves at certain points offer serious ob- 
stacles to steam locomotive operation even in the 
summer time, but with winter temperatures as low as 
40° F. and heavy snowfalls in the Bitter Root Moun- 
tains, serious delays have occurred, owing to engine 
failures or to inability to make steam. The capabili- 
ties of the electric locomotives are in no way impaired 
by cold weather or by inability to obtain fuel or water 
in case of snow blockades. During a series of record- 
breaking temperatures in December, 1915, Mallet en- 
gines were frozen up at different points on the system 
and the new electric equipment was rapidly pressed 
into service to replace them. On several occasions 
electric locomotives hauled in disabled steam engines 
and trains which would otherwise have tied up the 
line. 

During initial operation on the Rocky Mountain 
Division, the capacity of the new locomotives has been 
thoroughly tested. Trains of 3,000 tons trailing have 
been hauled east and 2,800 tons west, using a helper 
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on the heavy grades. From the operating data ob- 
tained on the first division, it-is evident that much 
heavier trains can be hauled with the electric loco- 
‘motives than with steam engines, and all passing 
tracks are being lengthened to take advantage of 
longer-trains. On some of the runs where the grades 


Curve Construction on 2 Per Cent Grade. 
Used on This Grade Are Also Shown 


are less than one per cent trains of as many as 130 
cars and as heavy as 4,000 tons have been hauled with 
a single locomotive. 

The four through passenger trains, 
“Columbian,” are taken across the two mountain 
ranges by a single passenger: locomotive. These 
trains at present consist of eight full vestibuled steel 
coaches, weighing approximately 650 tons. Instead of 
changing locomotives at Three Forks, as has been the 
practice under steam operation, the same locomotive 
is run through the 220 miles from Deer Lodge to Har- 
lowton, changing crews midway. Passenger trains 
will travel over the entire electrified division in ap- 
proximately 15 hours, including all stops, and the 
tourist thus will have an opportunity of traversing 
by daylight some of the most beautiful scenic regions 
in the United States and without suffering the annoy- 
ance of cinders and smoke incident to the use of steam 
locomotives. The local passenger train operating in 
the electric zone between Deer Lodge and Harlowton 
is handled by a half unit weighing about 150 tons with 
equipment similar to the main line locomotives. 

Locomotives 

The development of the electric locomotive is pri- 
marily the achievement which has made electrification 
of trunk lines feasible. The main line Chicago, Mil- 
waukee & St. Paul electric locomotives are construct- 


“Olympian” and 


The Double Feeders 
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ed in two units permanently coupled together, the 
halves being duplicates and each capable of indepen- 
dent operation. The enormous tractive effort of these 
electrical giants will be appreciated when it is stated 
that the wood burning locomotive of 50 years ago 
weighed 20 tons and had a tractive effort of only 5,000 
pounds. The modern Mallet steam locomotive weigh- 
ing 278 tons with tender, which has been released, has 
a tractive force of 76,200 pounds, while the electric 
locomotive, weighing 282 tons, has a running tractive 
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teries is furnished by a steam turbo-generator set lo- 
cated on the locomotive. The blower for ventilating 
the traction motors is also direct connected to one 
end of this set. ; 

The pantograph collectors, one of which is mounted 
on each half of the locomotive, are of the double pan 
type with a working range of from 17° ft: to 25 ft. 
above the rail. The contact elements are ofthe same 
metal as the trolley wire, so that current passes from 
copper to copper. a ' te 


Train No. 16 Descending 2 Per Cent Grade on Eastern Slope of the Rockies 


force of 85,000 pounds and a starting tractive force of 
136,000 pounds. 

There are 42 of these main line locomotives (30 
freight and 12 passenger) and two switching loco- 
motives. The locomotives are the first to be used for 
railroad service with direct current motors operating 
at a potential as high as 3,000 volts and the first to use 
direct current regeneration. The passenger locomo- 
tives are equipped with a gear ratio permitting the 
operation of 800 ton trailing trains at speeds of ap- 
proximately 60 miles per hour on tangent level track. 
The average passenger train weighs from 650 to 700 
tons and is hauled over the two per cent grade with- 
out a helper. The freight locomotives are designed to 
haul a 2,500 ton trailing train at approximately 16 
_miles per hour on all grades up to and including one 
per cent. On two per cent grades the trailing load 
was limited to 1,250 tons, although this figure has been 
exceeded in actual operation. 

A motor-generator set in each half of the locomo- 
tive furnishes low-voltage current for the control cir- 
cuits, headlights, cab lighting and for charging the 
storage batteries on the passenger coaches. Under 
steam operation, the charging current for these bat- 


The switching locomotives are of the swivel truck 
type, weighing 70 tons each, and equipped with four 
geared motors. A single pantograph of construction 
similar to that used on the main line locomotives is 
mounted on the cab and in other ways the locomotives 
represent the standard construction commonly used 
with the steeple cab type of switcher. The motors 
(known as Type GE-255) are of box frame, commu- 
tating-pole, single-geared type designed for 1,500 volts 
with an insulation of 3,000 volts to the ground. Many 
of the switching locomotive parts are interchange- 
able with those used on the main line locomotives ; for 
example, the air compressors, small switches, head- 
lights and cab heaters. 


Power Supply 


Utmost precautions were taken by the railway com- 
pany in making plans for this electrification to insure 
a reliable source of power. The Montana Power 
Company, with whom the contract was closed for 
electric power, operates a network of transmission 
lines covering a large part of Montana, which are fed 
from a main plant at Great Falls, and a number of 
other widely separated water power plants of ade- 
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quate capacity at all seasons of the year. A notable 
feature of this pioneer electrification is, therefore, the 
conservation of fuel consequent upon ‘the utilization 
of water powers. The Montana Power Company’s 
transmission. lines, which are carried in some cases on 
steel towers and in others on wooden poles, tap into 
the railway system at seven different points where the 
power is most needed. The railway company’s trans- 
mission line extends the entire length of the system 
on wood poles. In most cases this line is built on the 


company’s right-of-way, although at several points 


Two 2,500 KV-A 3-Phase 100,000/2300 V. Transformers and Oil 
Switches in Morel Sub-Station 
there are cutoffs which make a considerable saving 


in the length of line. With this completely inter-con- 
nected transmission system, each substation may be 
fed from either direction and also at the tie-in points 
from a third source of power. 
Overhead Construction 

The overhead construction is of the modified flexible 
catenary type designed by the General Electric Com- 
pany and installed under the direction of the railway 
company’s engineers. With this quite novel but re- 
markably successful construction, the current is col- 
lected in both high speed passenger service and heavy 
freight service without sparking. As may be seen 
from the illustrations, the construction comprises 
two 4/o copper wires flexibly suspended side by side 
from the same steel messenger by independent hang- 
ers alternately connected to each wire. Bracket con- 
struction is used wherever the track alignment will 


permit, and cross span construction on passing tracks | 


and in the switching yards. All of this work is sup- 
ported on 40-ft. wooden poles suitably guyed and spaced. 

The standard transmission pole consists of 45- and 
50-ft. wood poles with two cross arms carrying 
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100,000-volt lines on suspension type insulators and 
also an uninsulated ground wire. There are a num- 
ber of modifications of this construction on curves, » ae Pi 
corner points, substation entrances, etc. 

A 500,000 c.mjtfeeder is euien the entire length 


General View Great Falls Dam and Power Hcuse at Volta, Mont. 


Four 10,000 KW Vertical Generators Feed, Chicago, 
St. Paul Railway Electrification. 


Milwaukee & 


of the electrification and a supplementary feeder on 
heavy grades: The feeder is tapped to the trolley 
wire at every seventh pole, or approximately every 
1,000 ft. On top of the poles is carried a supple- 
mentary 4/o negative feeder which is tapped to the 
middle point of every second reactance bond. These 
bonds are used for insulating the 60- -cycle signal cir- 
cuits and are installed at points overaging from 5,000 
to 6,000 ft. apart. 

Each track is bonded with a 250,000 c.m. bond on 
each joint and double bonded on the heavier grades. 

Electric locomotion has been adopted by the Chi- 
cago, Milwaukee & St. Paul with the expectation of 
effecting a sufficient reduction in the cost of operation 
to return an attractive percentage on the investment 
required, as well as to benefit by all the operating ad- 
vantages of electric locomotives. According to state- 
ments made by the railroad officers, about $12,000,- 
000.00 will be expended, and with the work more than 
half completed there is every reason to believe that 
the cost of construction will come inside the estimates. 


Summary 


The advantages expected to result from the electrifica- 
tion are: 

Marked reduction in cost of electricity as compared 
with cost of coal. 

Reduction in maintenance cost of locomotives. 

Elimination of delays due to coaling, taking water, 
oil, etc. 

Elimination of delays due to natural causes, such as 
freezing of locomotives, loss of steam in cold We 
bucking snow drifts. 

Bieter of non-revenue trains hauling coal aa 
water for steam locomotives. 

Increased tonnage per train. 

Increased train speed on grades. 

Greater reliability and certainty of maintaining 
schedules. 

Reduction in train crew hours per ton mile. 
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Reduction in damage to rolling stock due to rough 
handling by steam engines. 

Greatly increased safety of operation on grades due 
to regenerative braking. 

Saving in power and reduction in wheel and track 
wear by use of regenerative braking. 

Improvement of tunnel conditions due to smoke and 
gas, absence of smoke and cinders which obscure 
scenic attractions, tniform speed and absence of 


View In Tunnel No. 1c, Showing Collapsible Hanger Used for Tunnel 
Work 


grinding brake shoes on grades, all of which accrue to 
the benefit of the traveler on the transcontinental 
passenger trains. 


Condensed Technical Data 


LocaTION AND EQUIPMENT OF THE FOURTEEN SUBSTATIONS 
Substation 
Miles No. and size of capacity 
Station from Harlowton units in kilowatts in kilowatts 
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Mra ECE let onfiis sets crete ete eo ue 244.9 22,000 4,000 
rateeenitla cca h a) Miz eitie cre eiens Sens “ie 277.6 , 22,000 4,000 
ROSE Me inks we Ma yous eeiene 315.4 22,000 4,000 
Bear aK OA claws ci ageNerer ose, oy 21 8 o%s..6°-6% 352; 2—2,000 4,000 
Beare he aret ers cota is"< a¥e ave cunie ae 390.1 2—2,000 4,000 
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BEM NAE cate conta kA fon. engtiohe, teeshnles 5 437.6 3-1,500 4,500 

yy 59,500 

Main Line Freiant LocoMorives 
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ADIAIMELSE OL eIWOII, WCE ce recieccie «siete oie a niin epsie aejesieisiie vee aie sence 36 in. 
Rie mate Gutvine TINOLOTS: «ote ha cle sis ces oss ie ee ce seb sade specie 6 8 
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Total output (1 hour ABUL .p 4 och bo tage ROIS Se DEI ae ath 
Tractive effort (continuous rating)... 0.2.6... cece eee eee tees 71,000 lb. 
Per cent of weight on drivers (trac. coef.)......- sees reece rete seas 15.83 
Speed at this tractive effort at 3,000 volts........---eseeseeees 15.75 m.p.h. 
Sitackvencimont (dy HOWE TALUS), cit-isig > - 0 este mds oe ee eee ose sis 85,000 Ib. 
Per cent of weight upon drivers (trac. coef.)...-.... sees erent teers 19 
Speed at this tractive effort at 3,000 volts........-...+-see0-- 15.25 m.p.h. 
Tractice effort available for starting 30 per cent coef.......... 136,000 Ib. 


The passenger and freight locomotives are identical 
with the exception of gear ratio and the addition of 
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an oil-fired steam boiler in each half of the passenger 
locomotives for heating the trailing coaches. The 
two poilers are capable of evaporating 4,000 pounds of 
water per hour and this equipment with tanks for oil 
and water bring the weight of the locomotive up to 
approximately 300 tons. The interchangeability of 
all electrical and mechanical parts of the locomotives 
is considered of great importance from the standpoint 
cf operation and maintenance, 


SwitcHinc Locomorives 


LG Meas Meneses oo 4 cmpc Ale GU obo nit ob SPOONS DECorCob.A Ha cist 40 ft. 
ngoldike Tone: CNS. oO oa Me sana nnn COBO Os HOmoe Me eed as oO are Lopet. 1Olne., 
Wien co tit——stirs 0 leyume Cio wuaiieeescpemenen aie mane! esi ielle ar ote allele ialeigeiiean- asi opere % oye a) 0.9) onaiia 16 ft. 8 in. 
Wea overran liste cae ct monCNTER Prete sist leis, vueie agement ea, ioite aval lbus, wa etedehe nabanm aie ate LORE: 
Be Rota emicelmDaASe em tamiematreticiarate eras? a sielts arceiales/ot.e ejeinians segs alouuts 4+ IM, 
Ripemninee iw ast setere cides ckatcieictss Ge a= auuiehe. ¢hnes stor db aseTopisjeoeMa eiele ‘ataisls wa eG te 
DiaMetetem Ol eM LleSdSiratedsdecteuet sleet .s =. fiere ce oe ole yfele srejelso-clrays, wtlaue. (6, aUareiavsle aia end 40 in. 
Wicioh t= —locomtobt ye Gomm plete tress cuore erersiepele ole sicrsre sie piteye « sie odessa 140,000 Ib. 
Wieiehtapercdni ving game sclamabciemieccis ud taste sc rice vahis oo cla ences aires dos000Ub, 
Omer howe tatvee OM OCOMOLIV ES scuoieie tit Wercue' cic cnsic oes sin o/se svelte SS s 542 hp. 
Mraotwverediort eat mOtle, MO MdieG A PITT «ach ae x60 vies os ea seaguele oie 6 18,400 lb. 
SPSSG wat mLULSee ALUN Seer cence orateks is ty:o felotenelttheneleye, os. s\lcls,"s ud Tousicenehersterenciete 12 m.p.li. 
COMP OUSe Cra OU OueEhO titi corre cle sl lie sicticlets pclclalelie she ucla ecole cheieken'a 13,480 lb. 
SpeedRaty CombimadGuss ravi cpekers andl s leh veto a siricley visi'e el oilelviee diese eleva 13.2 m.p.h. 
‘Peactiviemen otto Om Pete aGemle. yicieincetetectrs o «tylettes tlk ove, so, 0.0 ctaucdiele Saleke 42,000 lb. 
CompLetep Hypro-Erectric PLants 
Installed 
capacity, kw. 
Gireaim allene onmmN LSS Oi iiy Gioererverstajersis sye.s'so-vie clas eicccucre erabete Ateawee 60,000 
Rainbow Falls, on Missouri River near Great Falls, completed in 1910 27,000 
Black Eagle Falls; on Missouri River near Great lalls, reconstructed 
SEVEN DIS «ie oid Stree IG 6.2 SAD CAEL RRC CR Ron aaron ao PAPE erice 3,000 
Black. Eagle Falls, hydraulic power, 8,000 hp. 
Hauser Lake, on Missouri River, northeast of Helena, completed in 
OTIS si ty aap AN tease naee tas eae fare eee Fast cacith hove ge 4, cuaah ake ene ome Meas ieee 18,000 
Canyon Ferry, on Missouri River, northeast of Helena, completed 
ia MSO Smatel mena dent LOO) wecetenetcnesi¥e > oc ave tas a) « otter ee ening oe 7,500 
Madison No. 1, on.Madison River, 60 miles southeast of Butte, 
completed im “L90lsandyremodeled im VOO/. 7. oj... sae one eee oe 2,000 
Madison No. 2, on Madison River, 60 miles southeast of Butte, com- 
PMD LG te citer OU Grrr mere teen tan Mate ace otane eae sais clisteia sists, «4 5) teas eponenet 10,000 
Big Hole, on Big Hole River, 22 miles southwest of Butte, com- 
PletecmimwUSO aparece ete ae kes tele z we BUS che taie wen 3 AEMee re uemetetee 3,000 
Livingston, on Yellowstone River, completed in 1906 and enlarged 
Tel ml OS te awe creo otra te nicer va ater, alicts aajeudie hela a aleet Meme ccane 1,500 
3illings No. 1, on Yellowstone River, completed in 1907.......... 1,080 
Lewistown, on Spring Creek, completed in 1906 and remodeled in 
DERIUSIT Se. Gio cachaceNeR ACO Cah CIC Gl OOO ES MRR RC RCN aC ote. ra na 450 
Thompson alls son Clarks ikork of Columbia River. J... 0005 ....e8 20,000 
153,530 


Pacific Coast Electric Railway 


This company operates -an electric road between 
Guadaloupe on the Southern Pacific Company’s main line 
hetween San Francisco and Los Angeles and Santa 
Maria, Santa Maria being on the Pacific Coast Railway. 
(The Pacific Coast Railway is a steam railway operating 
between Port San Luis and Los Olivos.) The distance 
between Guadaloupe and Santa Maria is nine miles, as 
nearly level as possible and a straight track. The sub- 
station is at the Santa Maria end of the line. The prin- 
cipal use to which this road is put is meeting the main 
line trains of the Southern Pacific Company, with a single 
steel passenger coach equipped with Westinghouse nar- 
row-gage commutating-pole motors and HL control. 
These passengers are carried to and from Santa Maria. 
During a ninety-day period in the fall of the year the 
road handles sugar beets for the Union Sugar Company. 
Other than this short interval of time no heavy traffic is 
handled. 

Guadaloupe is a town of 500; ‘Santa Maria is a town of 
2,500. There are no towns between them, and except 
for the passenger business and the sugar campaign (the 
harvest season of the sugar beets is known as the sugar 
campaign), there is no source of revenue for this road. 
This road has a number of feeders running into the beet 
field, but the trains are gathered by means of steam loco- 
motives on to the main line of the Pacific Coast Electric 
Railways. 
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A New Car Fan 


As indirect lighting introduced an entirely new prin- 
ciple in the art of illumination, so it would seem the new 
type of fan illustrated herewith, developed by W. 
C. Hood. and placed on the market by the Central 
Electric Co., Chicago, brings into use an entirely new 
principle in electric fan construction. The new fan em- 
ploys the principle of the indirect lighting fixture in that 
instead of allowing the draft to come direct from the fan 
to the passengers, the fan blades are reversed, causing 
the current of air to be directed upwards against the 
curved surface of a large disk which serves as a deflector, 
redirecting the air downward again on all sides of the 


The Fans Are 


Application of the New Car Fan in a Parlor Car. 
Placed Two Fixtures Apart Down the Entire Length of the Car. 


fan; this air movement, however, is so gentle as not to 
cause any direct draft on the heads of the passengers. 

By testing the operation of the fan by watching the 
movement of smoke, it is observed that there is a con- 
stant movement of air upward immediately below the 
fan and for an angle of about 45 degrees to each side. 
Upon leaving the deflecting surface of the curved disk 
above the fan blades, the motion of the air is almost hori- 
zontal but in all directions. This latter movement strik- 
ing the quarter deck of the cars or the sides of a room, 
is again deflected downward. The result of this is that 
there is a gentle air motion which gives a decided effect 
of coolness in the car or room without a draft. 

The fan construction is very simple, the blades of the 
fan being simply reversed from the ordinary practice in 
fan construction so as to draw the air toward the motor 
instead of away from it, the motor, however, is concealed 
behind the curved portion of the deflecting disk as shown 
in the photograph accompanying the illustration. The 
curve of this large disk is so designed as to deflect the 
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air at the proper angle and at the same time provide for 
handling this air with a minimum of resistance, insuring 
maximum operating efficiency. 

The car interior in Fig 1 shows how nicely this new 
type of fan adapts itself in the car construction. This 
makes it possible to install fans throughout the entire 


A Closer View of the Fan Showing the Deflecting Plate and the 


Mounting Details. It Will Be Noted That the Fan Blades Are 
Pitched to Throw the Air Up Instead of Down. 

length of the car without any appearance of congestion 
in ceiling features, which is a very important item and 
which has been the main objection to mounting other 
types of fans down the center of the car. 


E.S.B. Body-Hung Generator 

The Electric Storage Battery Company, Philadelphia, 
Pa., in connection with its constant voltage axle lighting 
system, exhibited at Atlantic City a new body-hung gen- 
erator and suspension. The machine is hung from a cast 
steel frame or carriage, adjustable longitudinally on a 
pair of parallel rails, the belt tension spring being at- 
tached at one end to the generator frame and at the other 
end to a fixed point in the steel carriage. The carriage 
may be iocked in any desired position on the rails by 
means of two cams. The belt tension is adjusted by slid- 
ing the carriage towards or away from the truck, the 
amount of tension being indicated by the angular position 
of the generator. Any stretch of belt may be quickly 
taken up without cutting, by sliding the carriage away 
from the truck until the generator assumes its normal 
angular position. Similarly, if it becomes necessary to 
cut out a defective portion of the belt, the belt may be 
shortened while still permitting adjustment for normal 
tension, thus avoiding an extra joint. 

The same company is also exhibiting a new design of 
car-lighting battery. The elements are assembled in two- 
cell units of the slatted crate type, the lead-linings being 
separated from the wood work by sheets of specially 
treated tar-felt. The covers are of lead-alloy, sealed 
either by lead-burning or sealing compound as preferred. 
A large vent-opening is provided, covered with a lead 
vent cap held in place by its own weight and so designed 
as to provide a spray trap to prevent the escape of acid 
spray. 


Shop 
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XK—Special Transformers 
J. a. Wickman* 


N the last article (XIX), both the potential and the 
| current transformer were described so that, of the 
four special types of transformers mentioned, we 
still have the constant current and the subway transform- 
ers to study. 


Constant Current Transformer 


Alternating current is generally supplied at constant 
potential, consequently, when lamps or other apparatus 
requiring constant current are used it is necessary to 
equip the circuit with some means of transforming from 
constant voltage supply to constant current. A constant 
series reactance will maintain approximately constant 
current if the circuit is highly inductive, but the power- 
factor will be sacrificed. In order then to maintain 
constant current and at the same time a high value of 
power-factor it is necessary to insert in the circuit a series 
reactance, which changes with the load in such a manner 
as to keep the total impedance, and consequently, the 
current, constant. This variable reactance is obtained in 
the constant current transformer by means of two coils, 
movable with respect to each other. 


Operation 


In the constant current transformers made by the 
General Electric Company, shown in Fig. 70 for series 
incandescent or series arc lamps street lighting, one 
coil is stationary, while the other is suspended from 
a rocker arm to the other end of which weights 
are attached. These weights, together with the 
magnetic repulsion between the coils, counterbalance the 
weight of the secondary coil. At full load the coils 
should be about 2 in. apart, and as the load falls off 
the tendency for the current to rise, due to the decreased 
resistance of the secondary circuit, is offset by the separa- 
tion of the coils. The separation is caused by the greater 
repulsion of the increased magnetic flux, due to the 
momentarily increased current in the secondary coil. 
With the coils farther apart more of the magnetic lines 
of force from the primary coil go out between the coils 
as leakage flux and the e.m.f. induced in the secondary 
is decreased in proportion to the fall in the secondary 
load, thus maintaining the current at a constant value. 


Regulation and Efficiency 


The General Electric transformers are designed so that 
the coil will separate sufficiently to maintain constant 
current, when all of the lamps are cut out of the circuit ; 
in other words, they regulate from full load to no load 
maintaining constant current on the secondary within 
1 per cent on either side of normal. The center of 
curvature of the weight sector arm is adjustable, as is 
also the amount of balancing weight. The efficiency is 
about 95 to 96 per cent at a power factor of 86 to 89 
per cent. 


Construction 
All modern constant current transformers are air 


*General Foreman, Electric Department, Illinois Central, Chicago. 
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cooled. All parts are visible, open to free ventilation and 
easy to keep clean. 

The 3 and 5 kw. sizes consist of one coil for primary 
and one for secondary. The 10 to 25 kw., inclusive, 
consists of two coils for primary and two for secondary 


Fig. 70—General Appearance of a Constant Current Transformer 


with a 1 in. vertical duct between coils for ventilating 
purposes. Transformers of larger capacities, each con- 
sist of four coils for primary and four for secondary 
with a 1 in. vertical duct and ¥% in. horizontal duct 
between coils to give a maximum radiating surface. All 
of these windings are made up of pre-treated double 
cotton covered wire, with a double thickness of varnish- 
treated muslin between layers. The coils are insulated 
with a high quality of varnish-treated cotton tape and are 
subjected to varnish and baking treatment before com- 
pletion. 

The core is built up of steel laminations rigidly held 
together by tubular brass rivets, insulated from the core 
by sleeves of cambric. 

The frame is made up of structural steel, riveted to the 
three legs of the core. This allows of a very substantial 
construction and gives a compact and neat appearance 
to the outfit. All transformers are equipped with a pro- 
tective screening of expanded metal, which can be easily 
removed for cleaning purposes if desired. 

The balancing mechanism is supported on ball bearing 
and is mounted on top of the transformer to prevent 
the moving coil coming in contact with the end of the 
rocker arm. This construction, together with the high 
repulsion between coils insures instantaneous and sensi- 
tive regulation. 
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The standard constant current transformers are de- 
signed for operation from an a.c. single phase 2,300 
volt, 60 cycle constant potential source of supply. They 
can be built for any voltage up to 13,200 volts and for 
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any frequency. ‘The secondaries can be built for any 
current but the most popular ratings are 6.6 or 7.5 
amperes. 

Transformers of 10 to 25 kw. inclusive are provided 
with a partial load tap for 80 per cent of full rated load. 
Larger capacities have taps for 70, 80, and 90 per cent of 
full rated load. These taps are for the purpose of oper- 
ating the outfit at partial load and still maintaining full 
load operation characteristics. 

The voltage on the secondary of these transformers 
varies according to the number of lamps in the circuit; 
thus if each lamp takes 77 volts and there are 50 lamps 
in series the voltage across the secondary terminals would 
be 77 X 50 or 3,850 volts. 

These transformers are usually designed for a single 
secondary circuit but by using a double circuit secondary 
control panel two secondary circuits can be obtained, The 
connection diagrams for both single and double circuit 
secondary systems are shown in Fig. 71. 


Control Panels 


Constant current transformers are usually controlled 
by individual panels either mounted sepa rately near each 
transformer or combined as a switch board. 

The ammeters are connected directly in series with the 
secondary circuits, and on all panels on which the sec- 
ondary voltage exceeds 2,300 volts, the ammeter is pro- 
vided with an insulating cover and with bushings for the 
studs where they extend through the panel. 
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The ammeters have movable markers which may be 
set at the requisite current value so that any deviation 
of the current may be readily detected. 

The primary switches consist of standard plug switch 
and tubular expulsion fuse combined in a single unit, the 
fuses being of such capacity as to rupture the circuit 
only under emergency conditions equivalent to a short 
circuit on the transformer. 

Open circuiting secondary plug switches are provided 
on all panels for the purpose of disconnecting the line 
from the secondary of the transformer when testing for 
ground or open circuit. 

Short circuiting secondary plug switches are included 
in the equipment of panels for one transformer and two 
lamp circuits only and permit the operation of one lamp 
circuit when the other is shut down. 

The panels are Blue Vermont Marble, 1% in. thick 
with 3g in. bevel, and are mounted on a self-supporting 
framework of 1 in. pipe 64 in. high. 

Instruments and meters have a dull black finish while 
the supporting framework is black japanned. 


Lighting Arresters 


The proper selection and installation of the lightning 
arrester equipment is an important feature of any series 
incandescent installation. As many central stations 
suffer enormous losses each year resulting from light- 
ning, a horn type arrester with series resistances is 
recommended for the protection of the series circuits. 
Lighting circuits are usually confined to city limits, con- 
sequently the principal sources of trouble are not the 
high frequency disturbances but low frequency surges set 
up by sudden opening the loaded circuits. These dis- 
turbances are specially severe when circuits are ac- 
cidentally grounded due to contact of the wires where 
they pass through the tops of trees or become crossed 
with other circuits. 

The horn type arrester is most satisfactory for this 
service as the surge set up by the sudden opening of the 
circuit is dissipated by the arrester before the are is in- 
terrupted. The arc usually lasts for several cycles as the 
operation of the arrester depends upon the lengthening 
of the arc, limited by the series resistance. The resistance 
aids the horns in extinguishing the arc, limits the size 
of the are and prevents short circuits occurring during 
the period of discharge. ; 

It is recommended that these arresters be installed in 
the station on each outgoing line and that particular 
attention ke given to connections, especially those to 
ground, 


Subway Transformers 


The subway transformer is manufactured for the pur- 
pose of putting in subways, manholes and’ other very 
damp places-where other transformers. would be unable 
to stand the dampness. The connections are the same as 
for any other transformer and may be used on lighting 
and power circuits. It has the general appearance of the 
ordinary transformer although coils of a special con- 
struction are used in its design. 

The following advantages are possessed by this special 
transformer in addition to the many advantages inherent 
in all transformers: 

1. An improved type of bushing, allowing the trans- 
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former to be connected to the line without removing the 
cover. 

2. A tank constructed to give extra radiating surface. 

3. An improved gasket between the cover and the case 
to keep out moisture. 

4. A special designed relief plug which protects the 
tank from undue stress resulting from short circuits on 
the secondary or other abnormal operating conditions. 

5. The same plug allows the tank to be filled without 
removing the cover. 

Emergency Connecticns—Scott System 


In case of trouble and if it is absolutely necessary to 
have the phase changing apparatus in operation when 
one of the regular transformers is out of commission 
the situation can ke taken care of by using two trans- 
formers whose ratios are 10 to 1 and 9 to 1 and connect 
one lead from the one that has the 9 to 1 ratio to the cen- 
ter point of the one having the 10 to 1 ratio. This connec- 
tion causes a small phase displacement and an unsymmet- 
rical voltage balance, that is the voltage across any two 
phases is not exactly equal, but it is all right for power 
connections and is better than a shut down. It is 
recommended for emergency purposes only. 


Transformer Troubles 


The subject of transformer troubles may be divided 
into two parts; first, troubles that arise before they are in 
operation and second, those that occur after they are in 
operation. 

The single phase transformer, as it comes from the 
manufacturer, is supposed to be ready to cotmect and 
operate at full load without an undue temperature rise 
as they are tested before being shipped. The leads from 
both secondary coils are supposed to be brought out so 
they have the same instantaneous polarity, but it happens, 
once in a great while, that they are not and then all 
apparatus connected to it will appear to be short-circuited. 
In such a case the only change necessary is to reverse 
one set of the secondary leads. The trouble mentioned 
above always manifests itself by blowing out the primary 
fuse as soon as the current is thrown on, or by opening 
the automatic switch if fuses-are not used. It is neces- 
sary to phase out all three phase transformers before 
parallel operation can take place and it should be 
remembered that a star connection and a delta connection 
will not operate in parallel when supplied from the same 
primaries. Cases have- happened where it was necessary 
to operate single phase transformers of different makes 
on three phase work. In such cases some other voltage 
would be obtained although all were of the same ratio. This 
is caused by the leads being brought out so that they give 
opposite instantaneous polarity which would give a star 
voltage even though a delta connection were made. This 
can be corrected by reversing the secondary leads which 
show the wrong voltage, or if the polarity is right the 
_ internal resistances and reactances may prevent parallel 
operation. 


Operating Troubles 


Troubles that occur after operating conditions start 
are, as a rule, caused by poor cooling, abnormal load 
and voltage, or from improper load connections. Con- 
ditions that result in abnormal temperatures should be 
guarded against, and where they cannot be eliminated 
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entirely, it is often possible to offset some of the objections 
by proper attention. In water cooled transformers the 
temperature of the cooling water may be too high, or the 
amount of water may not be sufficient. Sometimes the 
cooling coil is attacked or lined by impurities from the 
cooling water in the form of a residue which restricts the 
flow of water. After the cooling coil has been allowed to 
get overheated a few times, which also allows the oil to 
get overheated, a deposit from the oil is formed on the 
cooling coil. This deposit 1s an excellent heat insulator 
and should be removed at once before conditions get 
worse. 

After an accumulation has formed on the outside or 
inside of the cooling coil it may be removed from the 
outside by removing the coil and scraping it off. Any 
scale or deposit that may have formed on the inside of 
the cooling coil may be removed by allowing a solution 
of equal parts of water and hydrochloric acid to stand 
about an hour in the coil after siphoning the old water 
out. This will generally remove the scale. Then the coil 
can be flushed and replaced in the transformer and re- 
connected. 

When transformers are located in cool places, condens- 
ation of moisture on the inside surfaces causes trouble. 
This may be avoided by operating the transformer at a 
temperatires for eooceder.* to 40 deg.” -centigrade; 
which will store enough heat in the transformer to keep 
it warm when not in operation—during which period the 
water should be shut off. 

Air blast transformers often run hot on account of the 
air ducts becoming clogged with dirt. Often times this 
can be easily remedied by reversing the air circuit for a 
few minutes and then using a higher air pressure to 
clean the ducts. With the air blast transformers, great 
care must be exercised, when making soldered connec- 
tions with the blow-torch, not to let the flame get in 
contact with the coils which are open at the bottom. If 
a flame gets started it is almost impossible to put it out 
before serious damage has been done to the transformer. 
Cases are on record where banks of this type of trans- 
former have been entirely destroyed by careless workmen 
taking a supply of gasoline under the transformer to 
work and carelessly let it explode. 

In distributing systems where the alternator is a star 
wound machine it has been found profitable to ground 
the neutral point thus making it possible to obtain a 
single phase current from any of the leads to the ground. 
This neutral is carried out to where the current is used 
and, as the generators are usually of a high voltage, 
transformers are connected to one lead and the neutral 
to supply current for lighting purposes.. Some trouble 
has been.experienced by grounds on this system and from 
the circulation of heavy no-load currents that circulate 
on transformers that are connected for three phase loads. 

A case of trouble that often puzzles the operator is 
what to do in case one of the transformers burns out. 
Suppose, for an example. the primaries at the power 
station are connected delta and the secondaries are con- 
nected star (grounded) and all along the transmission 
line there are several sub-stations that have transformers 
connected with the primaries star and the secondaries 
delta. If one of the power house transformers burned 
out, what would be the proper way to handle the trouble, 
without making many changes at the sub-stations and as 
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few at the power station as possible? Answer—The 
burnt out transformer should be removed from the cir- 
cuit, and the conductor of the transmission line left in- 
active should be connected at the power house to the 
neutral of the secondary side of the two remaining trans- 
formers and, at the sub-stations, it should be connected 
to the primary side of the sub-station transformer banks. 
This would reduce the rated capacity of each bank to 57 
per cent and the transformers at the power station would 
still produce 86 per cent of their rated capacity. The line 
connected to the neutral would carry a current 73 per 
cent higher than the other two. 


Current Transformer Troubles 

The troubles that are common to current transformers 
are few. Should the insulation on the primary side break 
down so as to cause a ground, the transformer should 
be removed and replaced with another. If the secondary 
circuit is left open a very high voltage will be generated 
in the coil which will soon burn the coil out. 

An emergency connection for a current transformer 
is to put a jumper on the primary terminals (while dead ) 
until it can be replaced with another. There are cases 
on record where current transformers have burned out 
and no others like them, that is of equal capacity and 
ratio, were on hand to replace them. For example, sup- 
pose a line was carrying 800 amperes through a 160 to 1 
ratio transformer and those held as extra were of only 
400 ampere capacity with a ratio of 80 to 1. In this 
case two of the 400 ampere transformers could be used 
by connecting the primaries in multiple or parallel and 
by connecting the secondary leads in series through the 
circuit. 

Questions on Transformers 

The following list of questions are for general practice 
for those not entirely familiar with the practical opera- 
tion of transformers : 

1. What is the object of the transformer? 

2. What one condition must be fully met in its design? 

3. Name several points the designer must keep in mind 
while designing? 

4. Name the three principal parts of a transformer? 

5. How many coils have most transformers? Name 
them. 

6. Why is insulating material often used between the 
laminations ? 

7. What is transil oil used for? 

8. Name several types of transformers. 

9. About how much air pressure is used on air blast 
transformers? 

10. Where are the connections made in this type? 

11. How would you dry transil oil? 

12. Where are the primary connections of the coils 
generally made on small transformers? 

13. Where are the secondary connections made? 

14. Suppose the name. plate said that “Primary 
voltage 3,300 to 6,600 volts, secondary volts 110 to 220 
volts” and you wanted to use the full capacity of the 
transformer on a 3,300 volt feeder and supply lights at 
110 volts from a three wire secondary. Draw a diagram 
inserting voltages across terminals of each of the coils. 

15. What is meant by core loss? Copper loss? 

16. What is the use of a primary cut out? 

17. What size fuse would you put in the primary cir- 
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cuit of a 100 k.w.a., single phase transformer with a 
power factor of 86 per cent and allow 100 per cent over- 
load? 

18. What would be the all-day efficiency of a 10 kw. 
transformer allowing 70 watts core loss and 200 watts 
copper loss, carrying full load for 10 hours and no-load 
for 14 hours? 

19. If you were to choose a transformer for a power 
station that was to operate at 100,000 volts on a primary 
and 2,200 volts on the secondary side and the transformer 
was to carry 2,500 kw. what type of a transformer would 
you choose and give your reason? 

20. What type has the greater fire risk? 

21. In your own words explain how you would phase 
out two single phase transformers that were to operate 
in parallel. 

22. What is an open delta connection? 

23. If a bank of single phase transformers that have a 
ratio of 10 to 1 were connected with the primaries star 
and the secondaries delta,. what would be the primary 
voltage if the secondary voltage was 132.9 volts? 

24. If the voltage across phases is 2,300 volts and the 
ratio of each transformer is 40 to 1, what would be the 
voltage across the secondary terminals of each trans- 
former, using a star connection? 

25. What is the difference between a current trans- 
former and a potential transformer ? 

26. What is the use of a constant current transformer ? 

27. Which is the primary coil? 

28. Which is the movable coil in the one shown? 

29, What would be the voltage across the secondaries 
of a constant current transformer if there were 70 series 
arc lamps connected, each taking 77 volts? 

30. How many types of potential transformers are 
there? 

31. What is the use of a current transformer? Po- 
tential transformer ? 

32. What is the current in the main circuit if the 
ammeter shows 4 amperes and the ratio of the current 
transformer is 60 to 1? 

33. What caution should be taken about the secondary 
circuit of the current transformer? 

34. What will cause an air blast transformer to heat? 
Oil insulated ? 

35. If the station voltage was 2,300 volts and the line 
loss was 23 volts, and a transformer with a 10 to 1 ratio 
were connected to boost the line voltage 10 per cent what 
would be the voltage at the end of the circuit? 


New B. @ O. Substation 


For installation in the Curtis Bay substation at 
Baltimore, the Baltimore & Ohio has purchased 
from the Westinghouse Electric & Mfg. Company of 
East Pittsburgh, Pa., three 500 kw. rotary converters ; 
three 500 kva. oil-insulated, self-cooling, 3-phase, 25- 
cycle, 13,200-volt high tension, rotary low tension 
transformers; four 50 kva., single phase, 25-cycle, 13,200, 
15 50-volt transformers, and one 17-panel switch- 
board. This substation will supply energy to the Cur- 
tis Bay coal pier, one of the largest coal piers in the 
country. Energy will be furnished to the substation 
by the Baltimore Consolidated Gas & Electric Com- 
pany. 


- C. Car Lighting 


Course 


Lesson No. 53 
Tine Stone-F ranklin System 


HE Stone-Franklin generator is a shunt wound ma- 
chine and is made up in two different sizes— 


Type 35, a two-pole machine, designed to fur- 
‘nish a nominal output of 1.6 kw. or 
40 amperes at 40 volts. 


Type 50, a four-pole machine, designed to fur- 
nish a nominal output of 3 kw. or 75 
amperes at 40 volts. 


The magnet frame is of high permeability cast iron 
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The armature is fitted with self-aligning ball bearings, 
and in order to obviate the danger of impairing their fit 
on the shaft by frequent Sthdente al, the commutator-end 
ball bearing housing has been designed so that it is self- 
contained on the armature. This special feature enables 
the maintenance man to withdraw the armature without 
interfering with the ball bearing at either end. The 
loosening of the four screws which hold the pulley end 
head to the yoke enables the armature to be withdrawn 
with both ball bearings in place as shown in Fig. 1. 
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Fig. 1—Longitudinal Section, Showing Armature 


and the laminated poles of the T-35, and the wrought 
iron poles of the T-50 are bolted to the magnet frame. 
The armature is form wound and the connections to the 
commutator are carefully protected by a special band of 
insulating material. All windings are impregnated with 
heat radiating varnish by a special vacuum method. The 
commutator, made up of hard-drawn copper segments 
and insulated with mica, is provided with a liberal wear- 
ing depth and ample area for carrying the maximum cur- 
rent of generator. The carbon brushes are held in box 
type brush holders designed to give practically an even 
tension throughout the wear of the brush. The mica is 
slightly undercut. 


Output Control 

Since the output control with the Stone-Franklin gen- 
erator is effected by controlling the speed of the arma- 
ture, it is not necessary to weaken the field strength at 
increase of train speeds, with the result that the correct 
magnetic relations between armature and field are always 
maintained regardless of train speed. This results in 
good commutation throughout. For this reason the 
Stone-Franklin generator can safely be operated with 50 
to 75 per cent overload for comparatively short periods, 
since it will always operate under ideal electrical condi- 
tions comparable with those of generators used in 
stationary plants. The peripheral speed of the commu- 
tator at the highest train speeds does not exceed 1,000 
ft. per minute. 
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Removed from Generator 


Lubricating cups are fitted to each bearing in order to 
enable fresh grease to be forced into the bearings when 
needed. 


Dust Cover 

A special feature is embodied in the method of apply- 
ing the commutator-end dust cover, as shown in Fig. 2. 
This pressed steel dome is held by a strap eccentrically 
fitted in relation to the radius of the dome itself so that 
a wedging effect is obtained by forcing the strap down. 
No tools of any description are required to remove this 
cover. 


Pole Changer 


Since the Stone-Franklin machine is an ordinary shunt 
wound generator it is, of course, necessary to provide a 
pole changer. The design of this part of the machine is 
unique in that it provides a protection for the armature 
against currents from the battery when the machine is 
inoperative. 

The collecting carbon brushes are mounted on a brush 
rocker which is free to move about 10 degrees in the 
direction of the armature rotation, the initial movement 
of the brush rocker being facilitated by the use of ball 
bearings. The extension contact arms D and E (see Fig. 
3), which are attached to the brush rocker, carry the 
armature current from the carbon brushes to the pole 
changer brushes on the little switchboard in front of the 
machine. When the armature starts to rotate these ex- 
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tension contact arms are brought, first, into contact with 
the small pair of brushes F and G, known as the excita- 
tion brushes. This initial movement of the rocker is 1m- 
parted, first of all, by the friction of the carbon brushes 
on the commutator. The field coils W, and the clutch 


coil H, Fig. 4, are so connected that the armature voltage 
is impressed on them as soon as the contact arms D and 
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rocker in position throughout the operation of the gen- 
erator with a force of approximately 36 pounds. 
Referring back to the first photograph in Fig. 3, which 
shows the pole changer with the armature stationary, it 
can be seen that the extension contact arms are not in 
contact with the main brushes and ordinarily, with the 
machine at rest, are not even in contact with the excita- 


Fig. 3—Three views of the pole changer showing successive stages in its operation. 
tact arms D and E, which are connected to the brushes, when the generator is at rest and inoperative. 


The first view shows the position of the con- 
When the armature starts to 


revolve the friction of the brushes on the commutator moves the contact arms in the same direction until they make contact with ex- 


citation brushes F and G, allowing the generator voltage to build up. 


At 20 volts the clutch coil H pulls the clutch arms C to the right, 


which causes the contact arms D and E to make contact with the main contacts J and K. 


E make contact with the excitation brushes. The gen- 
erator voltage can now build up and the electro magnetic 
force exerted on the magnetic clutch C, Fig. 3, completes 
the movement of the brush rocker and connects the ex- 
tension arms to the main brushes J and K of the pole 
changer, as shown in third photograph of Fig. 3. The 
connections are now made for the machine to furnish 
current to the external circuit in the proper direction. 


tion brushes. If, however, the extension arms should 


rest against the excitation brushes, the armature is still 
protected from any battery currents resulting from an 
untimely closing of the cut-in switch, since the negative 
excitation brush at the bottom of the pole changer is in- 
sulated from the negative main brush. 

When the armature slows down, the clutch coil will 
hold the rocker- in 


position until the machine becomes 
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Norte: Above application shows a left hand generator. Generators are 
furnished either right or left hand as required by builders or railroad com- 
pany. A left hand generator is one having pulley on left side, looking 
from generator toward driving pulley on car axle. ; 


Fig. 5—General Application of Generator Suspension and Axle Pulley 


This magnetic. clutch is designed to complete the full 
movement of the rocker at 20 volts, which insures the 
closing of the pole changer before the automatic cut-in 
switch.connects the generator to the battery. The con- 
struction of the pole changer switches is so arranged that 
a wiping contact is provided and the clutch coil holds the 


stationary, at which time the tension of the excitation 


brushes will force the contact arms free from the main 
brushes, thereby giving the armature full protection from 
a rush of current from the battery due to an untimely 
closing of automatic cut-in and out switch.. When. the 
machine reverses, the friction of the carbon brushes on 
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the commutator will, of course, move the rocker in the 
direction of the armature rotation and since the sines of 
the contact arms reverse, the ‘correct armature polarity 
will be brought to the proper brushes on the pole changer 
switchboard. In this way the current from the generator 
is kept in a uniform direction regardless of direction of 
armature rotation. 
Motoring Terminals 

To make it possible for one man to motor the machine 

and at the same time observe the commutator while the 


machine is operating, a pair of motoring terminals are 
fitted close to the generator on the car body. By pulling 


the movable arms of clutch C, Fig. 3, over in one direc- 


tion and bridging the motoring terminals, the machine 
can be motored. After the armature has run up to full 
speed the clutch will, of course, hold the rocker in posi- 
tion until the motoring terminals are disconnected. To 


a Stone-Franklin Generator Showing Method of 
The Man Is Pointing to the Output Indicator 


Fig. 2—View of 
Suspension. 


retate the armature in the opposite direction, the clutch 
is pulled in the direction in which it is desired to run the 
armature and the bridge terminals short circuited. Be- 
fore motoring, however, the belt must be removed, and 
since there are no tension springs employed with the 
Stone-Franklin generators, this is readily accomplished 
by pushing the machine towards the axle pulley. 


Generator Suspension 


The generator is suspended from the underframe of 
the car by an adjustable, alinable link (see Fig. 5). This 
link allows the point of suspension of the dynamo to move 
towerds or away from the driving pulley on the axle. 

a’ +] 


The tension screw T, Fig. 6, serves to regulate the belt 
tension, which is readily translated into terms of output. 


~by the output indicator on the commutator end of the 


machine. 

The output indicator, which is based on the principle 
of a spirit level, indicates primarily the angular position 
of the generator and is calibrated accordingly into terms 
of amperes. By means of screws P, Fig. 6, in the adjust- 
ment bracket, the generator can readily be lined up in 
order to allow the belt to run in the center of pulleys. 
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The correct position of the link is 2 in. out of the vertical 
towards the driving axle pulley. 

This simple type of suspension insures free access to 
the machine and is readily applied to any car body. The 
suspension lug of the generator is provided with an oil 
hole, through which the suspension link should be lubri- 
cated periodically. 

The auxiliary apparatus used in connection with the 
Stone-Franklin equipment consists of an automatic cut- 


Fig. €—Suspension Link Showing Adjusting Screws P for Parallel- 
ing Generator Shaft with Driving Axle 


in and out switch and a battery change-over switch, as 
well as main and field fuses. The mounting of this ap- 
paratus on the panel is shown in Fig. 7. The wiring - 
diagram is shown in Fig. 8. 
Automatic Switch 

The automatic cut-in and out switch is fitted with 
@ shunt coil which serves to lift the plunger with its lam- 
inated brush at a predetermined general voltage, thus 
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Fig. 4—Schematic Diagram of the Pole Changer 


closing the circuit between the armature and batteries. 
A series coil further assists the lifting power of the shunt 
coil after the switch is closed and insures a good contact. 
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A shunt across the series coil is so connectea that the 
latter will only carry approximately 50 per cent of the 
generator current. 

The specially designed magnetic circuit of this switch 
insures the reliable making and breaking of the circuit 
at the correct moment without interfering with the 
strength of the shunt coil. Arcing at the cut-in and out 
switch is, therefore, practically eliminated, since half an 
ampere of reverse current from the battery will throw 
the switch out. This is effected by the following simple 
patented arrangement in the design of the magnetic 


Licnts 


(Om KA 
XX22T30s coe 

‘a@) |] 
TEITEMGs Cw Gls 

eZ — 
SEVITIDS ali 


& 


Or 
= 
A 


e- 1 
65 | 
> 


MAIN AUTOMATIC 
PANEL BOARD 
| 163" XID" KA 


AVA AAI 


vv 


MINIMUM LOCKER 
DEPTH REQUIRED 10" 


en-tie 
PIELO FUSE -10O4 


SIRE RERRRE 


[XX: 
@ s) LAMP RESISTANCE 
<, 
DES 
o/s 5) eee 
TERMINALS POR = = 
MOTORING CHEN. = = 
= = 6 
CENERATOR — ss 
. 3 “Ys 
Fig. 7—Connection Diacram for Stone-Franklin Car Lighting 


Panels 


cs :cit: The electro motive force created by the shunt 
cout 1s practically used up in forcing the flux through the 
air gap in the plunger. It is, therefore, very apparent 
that with this air gap closed and the switch in the “up” 
position, only a small magneto motive force is required 
to hold the plunger in this position and consequently a 
considerable demagnetizing force would have to be ap- 
plied in order to release it. If, however, a second air gap 
which compensates for the closing of the top air gap is 
introduced at the bottom of the plunger when it is in the 
“up” position, it is evident that with such an arrangement 
of the magnetic circuit it is possible, by proportioning 
the two air gaps in the correct ratio, to have a magnetic 
switch which will operate at the difference of potential 
between opening and closing voltage, which is about 
one volt. It is now readily seen that only a small de- 
magnetizing force has to be applied in order to release 
the plunger. This method eliminates the weakening of 
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Fig. 8—Schematic Wiring Diagram of the Stone-Franklin Equip- 
ment 


Fig. 9—Schematic Wiring Diagram of Battery Change Over Switch 
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shunt coils by auxiliary switching actions and further- 
more insures that the switch will reliably open with a 
minimum of back current from the batteries, in this case 
amounting usually to about one-half ampere. 


Battery Change-Over Switch 


The battery change-over switch, the function of which 
was described in the preceding lesson in the June issue, 
consists of a solenoid actuating a gravity-held plunger, 
and a.circular dise divided by a diametrically placed strip 
of insulation into two equal sections, each in contact with 
tvo laminated brushes Nos. 4 and 5, and 6 and 7 (see 
Fig. 9). The solenoid of the battery change-over switch 
is connected across the brushes of the generator so that 
each time the generator builds up its voltage the plunger 


Fig. 10—The Walker Belt Fastener Used with Stone-Franklin Car 
Lighting Equipments 


is drawn up and in so doing effects a turn of 90 degrees 
cn the contact disc. 

Referring again to Fig. 9 it can readily be seen that 
the dynamo current enters the contact disc at brush No. 
4, allowing the current to be conducted to brush No. 5, 
which in turn is connected to battery “A’’ which, there- 
fore, gets a charge. Brush No. 6, connected to positive 
lights, is also electrically connected by the contact disc, 
through brush No. 7, to the second battery “B,’ which 
under these conditions serves to keep the lamp voltage 
constant. A 90 degree rotary turn of the disc auto- 
matically connects brushes Nos. 2, 4 and 7, and 5 and 6, or 
in other words, the battery last charged will now back up 
the lamp voltage and the battery which has previously 
been connected to the lamps will now be connected to 
the generator and thus receives a charge. This apparatus 
makes it possible to insure that both batteries receive 
equal amounts of charge and further insures that a 
charged battery is always connected across the lamps for 
ihe purpose of stabilizing the lamp voltage. A main 
light switchboard is furnished with the Stone-Franklin 
equipment as shown in Fig. 7, and the feature of interest 
is the main light switch, which in the “off” position par- 
allels the batteries by short circuiting the lamp resistance 
through contacts Nos. 6 and 4. Any number of circuits 
can be arranged for, according to the railroad’s specifica- 
tion. 

Lamp Resistances 

The lamp resistances are fitted in an expanded iron 
case which is usually placed in the locker with the auto- 
matic panel board. 


Belts 


The belts used with the Stone-Franklin car lighting 
generators are four ply with the following widths: 
Type 35, 1.6 kw. 214 in. 
Type 50, 3 kw. 
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When applying a new belt, great care must be taken 
to insure that the ends of the belt are cut square and 
are fitted together perfectly. Only Walker fasteners, as 
shown in Fig. 10, should be used. 
The maintenance of this equipment will be taken up 
in the next lesson. 


Arc Welded Cutting Tools 


With the present price of high speed tool steel it has 
been found economical to build up cutting tools with a 
small piece of high speed tool steel electrically welded 
onto a shank of ordinary tool steel. The Westinghouse 
Electric & Manufacturing Company, of Pittsburgh, have 
been very active in this development and the process by 
which the tools are made is clearly shown in the illustra- 
tions. This company states that by means of arc welding 
their cutting tool tips they have been able to build up a 


High Speed Tips Welded on Common Tool Steel, Showing the Three 
Successive Stages in Building Up the Tool. 


more solid shank which has given more satisfactory re- 
sults and at a considerably cheaper price than by any 
other process. This conclusion has been reached after 
exhaustive tests employing oxyacetylene, incandescent 
electric (butt welding) and forging methods. 

For best results the current used for this work is ap- 
proximately 100 amperes and the voltage of the welding 
circuit approximately 60 to 70 volts. A 5/32 in. Norway 
iron electrode is used. The tools are preheated before 
weiding, and annealed by being buried over night in mica 
dust or lime. They are then put through a process of 
heat treatment which improves their cutting qualities. 
The results with this built-up cutting tool are very sat- 
isfactory, as shown by a sample lathe tool at this com- 
pany’s exhibit, which cut 104—4¥ in. .60 carbon steel 
cylinders, 14 in. long at a cutting speed of 57 ft. per min- 
ute with a cut of % in. and a feed of .047 in. per rev. 

An accurate record has been kept of this welding work 
and it shows that electrically welded tools will actually 
produce 10 per cent more work than solid tools before 
regrinding is required. This is believed to be due to the 
reinforcing metal which is built out and around the tip, 
serving both to give large radiating surface and to afford 
a larger heat conducting path back to the butt of the tool, 
thus keeping down temperature at the cutting edge. At 
present practically all the tools for the lathes and planers 
used by the Westinghouse company are made in this way. 

The composition of the high speed steel is compara- 
tively unimportant as nearly all commercial brands are 
being welded successfully. The records on this type of 
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welding show that so long as high speed tool steel costs 
over $1.25 per lb. it will be economy to weld tips on cut- 
ting tools. 


The LaRock Pipe Wrench 


A pipe wrench of special design and particularly fitted 
for working pipe where the clearances are limited, has 
recently been placed on the market by the Mechanical 
Specialties Company, Peoples Gas Building, Chicago, Il. 
This wrench, known as the LaRock, should be of interest 
to railroad electrical men, as it is especially adapted for 
conduit work in electric lighting cars, buildings, power 
plants, etc. The construction of this wrench and its ap- 


plication to a pipe are shown in the drawings. It will 
be noticed that the tongs bear on two-thirds of the cir- 
cumference of the pipe, which can be worked. with a 
wrench motion of 10 degrees. The LaRock wrench is of 
simple construction, being made up of only three parts, 
with no screws, springs, pins or ratchets. There are no 
adjustments to be made and the wrench is always in po- 
sition to do the work necessary. The wrench comes in 
four sizes, there being a special size for the 3¢-in., the 
Y-in., the 34-in, and the 1-in. pipe. Although each 
wrench is especially fitted for its own size of pipe, it 
will satisfactorily work the next smaller and the next 
larger size. The wrench is made of high-grade. drop 
forge steel with special steel rivets, and will stand more 
strain than can be applied by the man using it. 


Kmergency Lighting Unit 

The Edison Storage Battery Company, Orange, N. J., 
exhibited at Atlantic City. a new portable electric lamp 
designed for use in emergencies such as wrecks, con- 
struction work, freight congestions, etc. It is a self- 
coutained unit, the battery consisting of five cells of the 
A-4, 150 ampere hour type placed in a steel box on top 
of which is mounted the lamp in its reflector. The lamp, 
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which is of the 100 watt-gas filled concentrated filament 
type, and is fitted into a 12-in. parabolic reflector which 
is said to produce a reflected beam of about a million 
candle power. The lamp consumes 18 amperes at 6 volts 
and delivers 140 spherical candle power. The battery 
has sufficient capacity to keep the lamp burning for 
over 10 hours. 

A thumb screw adjustable feature is provided in the 
lamp mounting so that the beam of light can be directed 
at any desired angle. Handles are mounted on each side 


Portable Storage Battery Emergency Lighting Unit. 


of the box and a removable cover fitted with wing nut 


_locks permits the quick replacement of a freshly charged 


battery in case continuous illumination is desired. The 
weight of the lamp and battery complete is about 150 ib. 
and the dimensions of the steel box are 14 x 14 in. and 
18 in. high. 


Buda Hleadlight 


An incandescent electric headlight equipment was ex- 
hibited at Atlantic City by the Buda Company, Chicago, 


Buda-Ross Incandescent Headlight Generator Set. 


which is known as Model G. W. It has a normal capacity 
of about 350 watts, but is designed to generate up to 500. 
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A Powerful Bridge Horn 


The double leaf bascule bridge shown in the accom- 
panying photograph was built two years ago for the 
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A Great Lakes Freight Steamer Passing Through the Locks at the 
Soo 


Canadian Pacific at Sault Ste. Marie, Mich. Both the 
rail and water traffic. at this point are extremely heavy 


The Diaphone Horn on the Bridge Operator’s Tower 


which requires close co-operation between the bridge 
operator and both the boats and the trains. To pro- 
vide a suitable means of communication a powertul 
diaphone horn, as shown in Fig. 2, was. installed on 
the roof of the bridge operator’s tower. This horn is 
a low pitch instrument krown as Type B and is made 


‘contact. 


by the Gamewell Fire Alarm Telegraph Company of 


“New York. It-is operated by compressed air which is 


supplied by a Type H3 550-volt, direct current driven 
air compressor, regulated by a Type AR-1 automatic 
governor. The compressor is equipped with a reser- 
voir 30% in. in diameter’ by 96 in. long; the en- 
tire apparatus is made by the National Brake & 
Electric Company of Milwaukee, Wis. The horn is 
located about 60 ft. above ground, and during  fa- 
vorable weather the blasts may be heard for five 
miles. 

J. G. Koppet, 


307 South Street, Sault Ste. Marie, Mich. 


Protecting Shaft Centers When Removing Dynamo 


Pulleys 


When removing a dynamo pulley that has been on the 
shaft for a considerable length of time it is often found 


‘that is apparently on to stay. Ordinarily, in an effort 


to remove such stubborn pulleys, the heavy pressure of 
the puller screw, twisting around in the shaft center al- 
most invariably damages it so that it must be re-centered 
in order to true the shaft to get a true commutator. To 
overcome this take a nut, the same size as the armature 
shaft, and screw a bolt into it about three threads and 
cut it off, then rivet it over enough to keep it in. Then 
take a center punch and make a center in the center of 
the piece left in the nut. Now screw this nut on the shaft 
and pull the pulleys. H. W. WILLARD, 
Richmond, California, Santa Fe. 


Slotting Commutators 

No doubt there are several good ways to slot a commu- 
tator, but in many cases the copper segments are 
scratched, which is often the cause of turning the commu- 
iator again in order to obtain a smooth surface for brush 
A good way to overcome this difficulty is to 
take a piece of % in. sheet lead the width of the commu- 
tator and shape it to fit smooth around one-third or one- 
half of the commutator. Then simply straighten the top 
elge so that it lays perfectly straight with the mica to be 
cut down. You will find that it beats anything you previ- 
ously tried where slotting is done by hand. 

H. W. Mitvarp, 


Richmond, California. Santa Fe. 


Militiamen Granted Leave of Absence. 

It is announced that the Franklin Railway Supply Com- 
pany has granted leave of absence to its employees already 
active in the Militia or those who may join later, as fol- 
lows: 

Married or single men with dependents, full pay and 
position reserved for their return. - 3 
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Pyle National Company 


The manufacturers of Pyle electric headlight equip- 
ment announce that the name of the company has been 
changed from the Pyle-National Electric Headlight 
Company to the Pyle-National Company. 


Arc Welding Equipments for the Pennsylvania 


The Pennsylvania Lines west of Pittsburgh have 
purchased four 600-ampere electric arc welding 
equipments from the Westinghouse Electric & Mfg. 
Company of East Pittsburgh, Pa. 


New Western Electric Executive Offices 


The executive departments of the Western Electric 
Company, Incorporated, at New York moved on June 5 
from 463 West street to new offices in the Telephone 
and Telegraph Building at 195 Broadway. 

The move was made necessary by the steady growth 
of the company’s engineering departments which will 
occupy the space that has been vacated. The change 
also brings the executive departments in closer touch 
with the heart of New York’s business district. 

The local New York distributing department and 
the engineering and patent departments remain at 463 
West street. 


The Headlight Order 


The following order has been issued by the Interstate 
Commerce Commission in relation to rules 29 and ol for 
the inspection and testing of steam locomotives and tend- 
ers in accordance with Act of February 17, 1911, amended 
March 4, 1915. 

It ts ordered, That the rules and instructions prescribed 
by the Commission's order of October 11, 1915, be, and 
the same are hereby, amended by the addition of the fol- 
lowing rules: 

29. Locomotives used in road service——Each locomo- 
tive used in road service between sunset and sunrise shall 
have a headlight which will enable persons with normal 
vision in the cab of the locomotive, under normal weather 
conditions, to see a dark object the size of a man for a 
distance of 1,000 feet or more ahead of the locomotive; 
and such headlights must be maintained in good con- 
dition. 

Locomotives used in road service, which are regularly 
required to run backward for any portion of their trip. 
except to pick up a detached portion of their train, or in 
making terminal movements, shall have on the rear a 
headlight which will meet the foregoing requirements. 

Nothing in the toregoing rules shall prevent the use 
of a device whereby the light may be diminished in yards 
and at stations to an extent that will enable the person 
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or persons operating the locomotive to see a dark object 
the size of a man for a distance of 300 feet or more ahead 
of the locomotive under the same conditions as set forth 
above. 

When two or more locomotives are used in the same 
train, the leading locomotive only will be required to dis- 
play a headlight. 

31. Locomotives used in yard service——Each locomo- 
tive used in yard service between sunset and sunrise shall 
have two headlights, one located on the front of the loco- 
motive and one on the rear, each of which will enable 
persons with normal vision, in the cab of the locomotive, 
under normal weather conditions, to see a dark object 
the size of a man for a distance of 300 feet or more; and 
such headlights must be maintained in good condition. 

It is further ordered, That said rules, 29 and 31, be, 
and they are hereby, made applicable to all new steam 
locomotives put in service subsequent to October 1, 1916, 
and to all steam locomotives given general overhauling 
subsequent to October 1, 1916, and that all steam loco- 
motives subject to the rules be equipped in conformity 
therewith not later than January 1, 1920. 


Personals 


J. G. CooLtEy, manager of the railway department of 
the Standard Roller Bearing Company, on June 1, 
assumed in addition to his railway work the duties of 
superintendent of inspection for the same company. 


SAMUEL M. VAUCLAIN, vice-president of the Baldwin 
Locomotive Works, has been elected a director of the 
Westinghouse Electric & Manufacturing Company 
succeeding D, F. Brooker, resigned. 


C. B. Worrcxky has been appointed electrical engineer 
of the Lehigh Valley and D. J. Carrwricut, electrical 
engineer at South Bethlehem, Pa., has been appointed ~ 
assistant electrical engineer. Both with offices at South 
Bethlehem. 


C. A. Luckey has been appointed resident manager of 
the Edison Storage Battery Supply Company’s new sales 
office at New Orleans. Mr. Luckey is a graduate of 
Franklin Military Academy, Franklin, N. Y., 1899, and 
Bliss Electrical School, Washington, D. C., 1900-1901. 
He was connected with the Western Electric Company, 
New York City, during 1901-1902, leaving there to go 
with the Safety Car Heating and Lighting Company, 
where he remained until 1911, spending the first four 
years in their electrical laboratory and then going with 
the Chicago branch. In 1911, Mr. Luckey was with the 
Railway Utility Company, Chicago. In 1912 he joined 
the sales force of the Edison Storage Battery Company. 
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The Ninth Annual Convention 


During the days from October 30 to November 3, in- 
clusive, the Association of Railway Electrical Engineers 
will hold its ninth annual convention at the La Salle 
Hotel, Chicago. The large ballroom on the nineteenth 
floor of the hotel will be entirely given over to the ex- 
hibits while the convention meetings will be held in the 
Red Banquet Hall on the same floor. 

This room in previous years has always been occupied 
by exhibits and the convention meetings held on one of 
the lower floors. It has been considered desirable, how- 
ever, to concentrate all the convention activities on one 
floor, even at the expense of reducing the amount of 
exhibit space available. While this arrangement may 
reduce the size of many of the exhibits it will undoubt- 
edly prove a convenience and will give the railroad men 
an opportunity to come in closer touch with the exhibit 
features of the convention than was possible with the 
old scheme. 

Inasmuch as the time of the convention is close at 
hand, the chairmen of the various committees who have 
not yet submitted their final reports to J. A. Andreuscetti 
should plan to do so as soon as possible. All reports must 
be in the hands of the secretary not later than Septem- 
bersls: 


Practical Stunts Competition 


The primary object of a technical journal, such as the 
Railway Electrical Engineer, is to publish information 
that will be of practical benefit to its readers in their 
everyday work. With this object in view we have main- 
tained a Practical Stunts section which has proved de- 
cidedly valuable, because the information published there 


is contributed by the readers who describe some useful 
. kink or’stunt that they have found particularly useful. 


Every day the electrical men on the railroads are con- 
fronted with new problems and new conditions, the 
solution of which requires considerable thought and 
originality. Time and trouble saving devices are con- 
tinually being developed by members of the various 
electrical departments. An interchange of such ex- 


" periences prepares a man to meet any difficulty which 


may arise in connection with his work, and this is 
where the Practical Stunts section proves its value. 

To awaken a livelier interest in this section, we should 
like to receive a large number of brief articles describing 
stunts, kinks or devices that have proved. of value and 
which perhaps have solved perplexing problems. We 
don’t expect elaborate essays; we don’t care particularly 
as to whether the spelling and grammar are correct. 
We want the ideas—the rest can be easily taken care 
of. 

For the best Practical Stunt article which is not more 
than 500 words in length and which is received at our 
office in the Woolworth Building, New York, on or be- 
fore October 1, 1916, we will give a prize of ten dollars. 
For the next best Practical Stunt we will give five dollars ; 
others which are accepted for publication will be paid 
for at our regular rate. Where possible the stunt should 
be accompanied by photographs, or drawings, or both. 
Rough sketches will be satisfactory as far as the draw- 
ings are concerned, as tracings can be made from them 
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in this office. Obviously the judges will base their deci- 
sion on the practical value of the device. 

This competition ought to bring out a splendid lot of 
practical ideas. Who will send in the best one? Maybe 
some of those stunts that you have been using so long 
that they have grown old are just what the other fellows 
have been looking for. Send them along while you think 
of it. 


Delay Statistics 


The report of the Master Mechanics’ Committee on 
Design, Maintenance and Operation of Electric Rolling 
Stock, which was presented at the Atlantic City conven- 
tion and which appears on another page of this issue, 
emphasizes a condition that should be corrected. In 
regard to delay statistics, the report states that an 
inquiry directed to seventeen railroads using main line 
electric traction, disclosed the fact that, although all the 
roads kept statistics and records of train delays due to 
defects of electric equipment, no two compiled them 
from the same basis. On some roads a train delay of 
one minute or over is included in the reports, while on 
others only those over ten minutes are included. Some 
reports separate man failures, mechanical failures and 
electrical failures; others do not. 

It seems evident that a record kept under these condi- 
tions does not give the proper information to officers in 
charge of the maintenance and design of electric equip- 
ment. From such records it is impossible to draw fair 
or useful conclusions as to the causes of delays on the 
various railroads. It would seem that the delay statistics 
are compiled by the operating department from their 
own standpoint without considering the needs of the 
mechanical department. 

The committee’s recommendations in regard to this 
matter are practical and to the point and should be 
adopted. It is the committee’s just contention that statis- 
tics showing train delays should be compiled so as to 
form a basis for judging the efficiency of the equipment 
itself, as well as of the organization maintaining and 
running it. For this reason it would be necessary that 
the statistics show separately the delays caused by the 
mechanical parts, such as brake shoes, couplers and air 
brakes; the electrical parts such as motors, contactors, 
third rail and trolley wires, and delays due to man fail- 
ure, such as improper proportion of motor and trailer 
cars, tight brake connections or a circuit breaker not 
closed by the motorman. A delay in each case of one 
minute or more should be recorded so that defective 
equipment and improper handling would be revealed. 
Allowing train delays under ten minutes to go unre- 
corded and unnoted is a practice which only fools the 
railroad permitting it. 

To cover the above requirements the committee recom- 
mends that the delay records of the motive power depart- 
ments show Miles per Detention for the guidance of the 
motive power department and Miles per Minute Deten- 
tion for the use of the division superintendent. In this 
connection it is pointed out that delays to following trains 
should not be included in the motive power statistics as 
such records are confusing and misleading, therefore, 
worse than useless. 

If the committee’s recommendations are accepted and 
acted upon by the various railroads operating electrified 
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divisions, some very useful statistics will be compiled 
which, when studied collectively from time to time, will 
point out the way to further improvements in the design 
and operation of electric equipment. 

One of the greatest troubles with railroad records 
today is that, instead of being kept on a standard uniform 
basis so that comparison can be easily and quickly made, 
they are usually kept to meet local and individual needs 
only. This is a condition the speedy correction of which 


requires the conscientious effort of all those interested in — 


standardization of design and reduction of operating and 
maintenance costs. 


Field Control 


Elsewhere in this issue appears an interesting article 
on field control of railway motors which is an abstract 
of a paper presented at a meeting of the Illinois Electric 
Railways Association held at Chicago on June 9, 1916. 
The paper traces a development of the methods of con- 
trolling the speed of a railway motor by varying the field 
strength, and then cites several applications of field con- 
trol on heavy duty high-speed electric locomotives ir 
main line service. 

In the old days when field control was first tried out 
on railway motors, before the introduction of commutat- 
ing poles, considerable trouble was experienced due to 
sparking at the brushes at the highest speed. In en- 
deavoring to overcome this a high field pole saturation, 
produced by a large number of field ampere turns, was 
employed. Due to the use of commutating poles and 
other refinements, the modern motor is designed with a 
much weaker field strength, so that withour present rail- 
way motors the principle of field control can be used 
with entire satisfaction. 

It is interesting to note that forty-one New York, New 
Haven & Hartford passenger locomotives, which are 
equipped with field control motors, have been in opera- 
tion for the last ten years, during which time they have 
given very satisfactory service. The largest motors in 
existence which employ this method of control are those 
on the direct-current Pennsylvania Railroad locomotives. 

The saving in rheostat losses effected by this method 
of control is forty-five per cent of the energy during 
acceleration which would be consumed without field con- 
trol, and at 20,000 lb. tractive effort per locomotive the 
change from full field to short field increases the speed 
thirty-seven per cent. It is seen, therefore, that the field 
control motor combines the slow-speed high tractive 
effort motor which is the most economical in accelerating, 
with the higher speed motor which permits maintaining 
a higher schedule speed. 

It is estimated that the total annual saving effected by 
the use of the field control motor is approximately one- 
third of a million dollars per year and, on the average, 
it can be said that the use of the field control method 
results in an approximate saving of ten per cent in 
operating cost as compared with the cost of a motor with- 
out field control. 

In this day when it is so important to economize and 
reduce operating expenses to a minimum, the advantage 
of using field control in electric traction motors, when 
possible, should not be overlooked. In many cases it 
would be advisable to scrap the older motors in favor of 
the modern type. 
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Control of Railway 


By D. C. Hershberger 


HE method of controlling the speed of a railway 
motor by varying the field strength is as old as 
the art of practical railway motor construction. 

Many of the early railway motors of various makes em- 
ployed the field control feature, though the term “field 
control” was not adopted until about ten years ago. 
About 1888 to 1890 the Sprague Company was building 
double reduction geared motors having three separate 
field coils per pole. These motors rated from 15 to 25 
h. p. With the high resistance obtained by connecting 
the three coils in series, it was possible, with some of the 
smaller motors, to eliminate resistors. The coils were 
arranged in series parallel groups on the intermediate 


Fig. 1—Early Type of Field Control Motor, Known as Westinghouse 
No. 1. Note the Two Field Coils. 


notches, while on the last notch all coils were connected 
in parallel. 

A year or two later there were a few motors which 
employed the “loop” system which was similar to the 
present method of field control. To obtain the higher 
speeds, a part of the field was cut out of the circuit, while 
the remaining section carried the same current as the 
armature. This required a winding having a larger cross 
section than that used with the former systems which 
connected the coils in series, series parallel, and parallel. 
Practically all of the equipments of this period employed 
rheostatic control without series paralleling of the motors. 

The first Westinghouse series motor, known as No. 1, 
~and which was designed and tested early in 1890, was 
essentialiy a field control motor. A view of this motor 
is shown in Fig. 1. The field was wound with two sets 
of coils and speed regulation was obtained by the sec- 
tional field method in which two coils were in series for 
lowest speed and one coil was short circuited for in- 


*Abstract of a paper presented at a meeting of the Illinois Electric 
Railways Association held in Chicago, on June 9, 1916. Mr. Hershberger 
is electrical engineer, General Engineering Division, Westinghouse Elec- 
tric and Manufacturing Company, East Pittsburgh, Pa. 
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creased speed. The control system used with these mo- 
tors was straight rheostatic, except the short circuiting 
of one field winding for high speed. The armatures were 
connected permanently in parallel and the field windings 
of the different motors were also in parallel. 

Rheostatic control was soon superseded by series 
parallel control which was put on the market shortly 
after the first of these motors were put in service. The 
reduction of the losses in starting affected by this type 
of controller tended towards the abandonment of field 
control. Troubles due to poor commutation and over- 
loading of motors still further tended toward the aban- 
donment of the method of controlling the speed by vary- 
ing the field strength. A period of about 15 years then 
elapsed before field control was applied to locomotives, 
and 20 years before it was again applied to car equip- 
ments. The introduction of the commutating pole motor, 
the general improvement in railway motor design, and a 
better understanding of motor application led to a revival 
of this method of control. 


Modern Applications 


The next application of field control was made in 1906 
on the A.C.-D.C. passenger locomotives for the New 
York, New Haven & Hartford. One of the locomotives 
is shown in Fig. 2. They are equipped with four 250: 
h. p. motors which are of the gearless type. The full 
field may be used or either of two higher speeds be ob- 
tained by shunting part of the field current through a 
grid resistor of low ohmic value when operating from 
direct current supply. Forty-one of these locomotives. 
have been in operation for the last 10 years and have 
given very satisfactory service. 

The giant motors, shown in Fig. 3, of the Pennsylvania 
Railroad locomotives stand out as a remarkable applica- 
tion of field control. To date, they are the largest motors 
in existence employing this method of control. Each 
motor weighs approximately 44,000 Ib. and is capable of 
developing 2,000 h. p. They are different from the New 
Haven motors, in that instead of shunting the field, half 
of it is cut out on the finai notches in series and parallel. 
On notches between full field and short field, a part of 
the field current is shunted through a resistor. Series 
parallel control is used, which, with the field control 
feature, permits eight efficient running positions. Such 
a large saving in rheostatic losses is effected that during 
acceleration the energy consumption is reduced to 55 per 
cent of what it would be without field control. At 20,000 
lb. tractive effort per locomotive the change from full 
field to short field increases the speed 37 per cent. Thirty- 
three of these locomotives have been in service in the 
New York Terminal zone since 1910, giving most excel- 
lent satisfaction, and one of them was awarded the Grand 
Prize at the Panama-Pacific International Exposition. 


Test Results 


In. the latter partyot) 1910, H. H. Adams, of, the 
Metropolitan Street Railway Company, New York, was 
investigating car designs relative to reducing operating 
costs by the use of lighter weight cars and more econom- 
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ical motor equipments. At a conference between Mr. 
Adams and N. W. Storer it was decided that field 
control motors be tried out, as it was anticipated the sav- 
ing in energy consumption would be approximately 10 
per cent. Under Mr. Adams’ direction, a double equip- 
ment of No. 307-C3 motors was given a thorough test in 
1911 in New York service. This installation marked the 
first application of modern field control to city service. 
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while on the 40 h. p. field control motors in Test No. 4 
it was only 58 deg, C., which is a perfectly safe 
operating temperature. 

In Chicago, modern field control motors were first put 
in service in 1913 on both the Elevated and Surface 
Lines, due to the efforts of H. H. Adams, Super 
intendent of Shops and Equipment of the Chicago Sur- 
face Lines, and H. A. Johnson, Master Mechanic of 
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Fig. 2—New Haven Electric Locomotive with Field Control Motors. 


The results of these tests, shown-on table No. 1, indi- 
cate clearly the economies made possible by field coritrol. 
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*Normal field on field control motor. 


vIn congested district ran in series only. 


Comparing Tests 1 and 2, it will be observed that by 
reason of a slower speed armature and greater gear re- 
duction an energy saving of 7 per cent was effected. 
With 20 per cent more stops in Test No. 3 than in No. 1, 
the saving was 12 per cent, due to field control and 
larger gear reduction. In Test No. 3, the equipments 
were operated in series throughout the congested district, 
and in series parallel on the remainder of the trip. Even 
though this test showed 23 per cent more stops than Test 
No. 2, the energy saving was 5.5 per cent. This saving 
was due to field control entirely. In Test No. 4, the 
number of stops and other service conditions were about 
the same as in Tests 1 and 2, but the motors were op- 
erated making full use of field control in both series and 
parallel over the whole line. This test showed 7 per cent 
less energy consumption than Test No. 3 with its greater 
number of stops and 12 per cent less than Test No. 2, 
with practically the same service conditions. It will be 
noted that the temperature rise on the 60 h. p. motors 
in Test No. 1 was approximately 48 deg. C., 


the Chicago Elevated Railways. Practically all subse- 
quent equipment installations have been field control. 


Principles of Field Control 


It may be worth our time to delve into the principles 
of modern field control to get a clearer understanding 
of its performance and field of application. 

The torque of a motor is approximately proportional 
to the product of the field strength in induction and ar- 
mature ampere turns. Altering the field strength offers 
the best opportunity for torque and speed variation with 
a given motor. At present, the cheapest and simplest 
field control equipment for cars, including motors and 
control, can be obtained by the use of two electrically 
separate field coils per pole. These coils are taped to- 
gether so that mechanically they have the appearance of 
one coil. 

A schematic diagram of the arrangement of main field 
coils is shown in Fig. 4. On the full field position which 
occurs on all but the last controller notch in series, and 
in parallel, the two field coils “A” and “B” are connected 
in series, which, due to the increased field strength, gives 
a high tractive effort at the wheel rim at a reduced cur- 
rent and speed. On the short field, position, which oc- - 
curs on the last notch in series and parallel, respectively, 
coil “B” is cut out and remains open circuited, leaving 
coil “A” or the short field (weak field) section in the 
circuit for normal operation. This connection gives a 
higher speed at increased current. These two conditions 
are best illustrated by referring to the field control motor 
characteristic, shown in Fig. 5. 

The two sets of speed tractive effort curves can be 
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taken to represent, respectively, the characteristic of two 
non-field control motors of different speeds but same 
horsepower rating. The slow speed high tractive effort 
motor is the most economical in accelerating, while the 
higher speed motor permits maintaining a higher sched- 


Fig. 3—Pennsylvania 2,000 H. P. Field Control Locomotive Motor. 


ule speed. Thus the two good features of both non-field 
control motors are embodied in one with field control. 
In the old motors without commutating poles it was 
necessary to employ a larger number of field turns in 
order to secure a strong field to get satisfactory commu- 
tation. With commutating poles and present day motor 
design, it is possible to employ a much weaker field than 
formerly and still obtain satisfactory commutation and 
freedom from flashing. With the modern non-field con- 
trol motor the field strength and hence speed and tractive 
effort is a compromise between those of full field and 


Short __, | 
Field 
Full Fre/d 


Fig. 4—Schematic Diagram Showing Principle of Field Control. 


short field of the field control’ motor, using the same 
frame. 

The most prominent factor which determines motor 
size for a given service and car weight is that of con- 
tinuous or root mean square current capacity. With a 
slow speed field control motor, the heating current for 
average city service is approximately 10 per cent less 
than that for a slow speed non-field control motor. It is 
usually the case that for a service where a non-field con- 
trol motor has just enough capacity for a given service, 
a field control motor one size smaller will do the work 
satisfactorily. Thus an additional saving in weight and 
energy consumption is realized. 

Many operating companies face the problem of limited 
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power station capacity as well as the requirement of more 
cars. The field control motor by reason of its lower 
energy consumption and continuous current reduces the 
demand on the power station, hence a possible saving in 
powerhouse investment in providing for additional equip- 
ment. Furthermore, by the retirement of obsolete cars, 
and in all probability heavy weight cars, approximately 
10 per cent more new cars, equipped with field control, 
can be operated from the power station capacity released 
by the retirement of old cars, than if non-field control 
were used. 


Field Control in Interurban Service 


Interurban service presents various conditions which 
must be met, with the same motor equipment. Practi- 


cally all interurban railways enter one or more large 
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Fig. 5—Field Control Motor Characteristics 
condition generally requires slow speed running and a 
relatively large number of stops, and, therefore, this part 
of the service is most economically maintained by a slow 
speed equipment. Many of these railways give both local 
and limited service. It is, of course, desirable to use the 
same motor and gear ratio for both classes of service. 
With the same gearing, the local service because of more 
frequent stops will work the motors more nearly up to 
their full capacity than will the limited service. The 
limited service is most often considerably less than one- 
half of the total service. It is here that field control pro- 
duces economical running over the slow speed city sec- 
tions, permits the use of a gear ratio which is economical 
for local service, and with the same gearing gives a 
higher limited speed than could be obtained with the same 
size non-field control motor, correctly geared for the 
local schedule. This tends not only towards economy in 
local service, but also towards reducing the motor capac- 
ity required for the operation of frequent stop local serv- 
ice, and high speed limited service with the same gear 
ratio. 

For high speed service it is advantageous to use a 
motor having a high R.P.M. The armature speed is 
determined largely by the balancing speed required to- 
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maintain the schedule. In this way a relatively light 
motor will perform the high speed schedule for the rea- 
son that increasing the armature speed increases the 
horsepower rating of the motor, as well as the ability of 
the motor to perform the increased work. A limiting 
factor to high speed armatures is that of mechanical 
strength with high peripheral speed. With an abnormally 
high speed armature it may be necessary to use a large 
gear reduction. In such cases the speeds on descending 
grades could easily exceed the mechanical strength of 
the armatures, banding, etc. 

A 75 h. p. field control motor geared for local 
service, as heretofore described, and operating as shown 
in the speed time curve, Fig. 6, will maintain a limited 
schedule speed of 38.4 miles per hour, which is the same 
as that possible with the next size larger non-field control 
motor, At the same time, the 75 h. p. field control 
equipment, as compared to the standard 90 h. p. equip- 
ment, reduces the energy consumption 15.9 per cent for 
local service and 11.7 per cent for limited service. The 
energy consumption in limited service is somewhat more 
than with the ordinary 75 h. p. motors on account of 
the faster schedule speed maintained with the field con- 
trol motor. The comparative results are shown in table 2. 


Tas_e II. 
Stand- Field Stand- Stand- Field Stand- 
Motor type ard control ard ard control ard 
Leneth of run, miles.. 1 1 il 6 
Time of run, seconds.. 150 150 150 611.8 563 563 
Length of stop, seconds 12.5 12.5 12.5 60 60 60 
Schedule speed, m.p.h. 24 24 24 35:0 38.4 38.4 
Accelerating rate, 
i. Pill prS.) Mare cietense 125 125 1.25 1525 1.25 1.25 
Braking rate, m.p.h.p.s. 1.25 25 125 125) 125: 1.25 


Motor equipment .....4-75 hp. 475 hp. 4-90 hp. 4-75 hp. 4-75 hp. 4-90 hp. 


Amperes at full load 


OL IMMOLOD sue el siteiele« 130 130 156 130 130 156 
Car weight, equipped 
and loaded, tons.... 38 38 39.5 38 38 39.5 


Accelerating current, 


amperes per motor.. 127 122 HAs) 127 122 WSS) 
Speed at which rheo- 

stats are all out, m.p.h. 21.3 20.3 28.2 21.3 20.3 28.2 
Coasting time, seconds. 60 70 Hie) 67.8 86.2 86.7 
Speed at which brakes 

are applied ........ 27 26 Zod. 30 30 30 
Kw.-hr. per car-mile.. 2.4 PI 2.70 2.025 2.11 2.39 
Watt-hr. per ton-mile. 63.2 59.7 68.4 53.4 Deo 60.5 
Temp. rise in service 

from) ait, 25 deg, Gy 58 60 70 50 58 60 


It will be noted that the fourth column labeled “standard” 
will not maintain the necessary schedule in the limited 
service. Jt will requimemmoure 90: h:. ps motors eas 
tabulated in the sixth column to maintain a schedule 
speed equivalent to that which is possible with the field 
control equipment as shown in the fifth column. 

The sub-station capacities for interurban systems are 
usually determined by the maximum loads they are called 
upon to carry and the commercial apparatus available. 
With single track lines, the peaks will usually occur at 
passing points, where two cars or trains are starting. 
With the field control equipments, these peaks are re- 
duced from 10 to 20 per cent throughout the greater 
part of the acceleration. Reference to the speed time 
curve shown indicates that for a short period at the end 
of the acceleration a relatively high peak is attained. 
This peak can be reduced by the motorman holding on 
the full field notch for a slightly longer time than on the 
other notches before going over to short field. As a mat- 
ter of fact it seems to be a habit of the motorman to 
hold on next to the last notch on full parallel for some- 
what longer time than on the other notches. This is 
especially true for city service. It would then appear 
that these peaks are frequently reduced as a consequence 


RAILWAY ELECTRICAL ENGINEER 


Vol. 7, No. 15 


of the method of operation of the controller by the mo- 
tormen. 

On many interurban roads there are severe grades. 
With a field control equipment these grades can be taken 
at reduced current either in series or parallel. In some 
cases it may be advisable to use the full field notch in 
parallel even though the current is somewhat more than 
with non-field control equipment operating in series. The 
former would save time and reduce motor heating. 

To perform a given service, a smaller size control mo- 
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Fig. 6—Speed-Time Curve for Interurban Car Equipped with Field 
Control Motors. 


tor will usually do the same work as the next larger size 
non-field control motor with both properly applied. 


Conclusion 


The prime object of field control is that of enabling 
railway companies adopting its use to operate more ef- 
ficiently. 

Although a field control equipment is somewhat more 
expensive in first cost than one without field control, it 
may be:“penny wise, pound foolish” policy to purchase 
the non-field control equipment. It has been found in 
many cases that field control equipments pay for the 
added first cost in from two to three years. Hence the 
saving after this period is so much “velvet.” 

Field control has in recent years been applied to all 
classes of railway service and the indications are that it 
will be applied to far greater extent in the future. 

To date the application of field control motors in this 
country amounts to approximately 840,000 h. p., distrib- 
uted among some 50 operating companies. 

It is difficult to determine the total annual saving ef- 
fected by its use. It is, however, estimated at approx- 
imately one-third of a million dollars per year. 


- Stx Montus’ Tuncsten Propuctrion.—The tungsten 
production of the United States during the first six 
months of 1916 exceeded the production of this or any 
other country in any previous 12 months. Prices reached 
more, than 10 times their ordinary level, largely because 
of the need for high-speed steel. The output was equiva- 
lent to about 3,290 short tons of concentrates valued at 
$9,113,000. 
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of Electric R 


T has been considered best not to include in the report 

| descriptions of foreign practice, not only because 

these methods are largely experimental as yet, with- 

out accepting standards, but as well because the foreign 
locomotives are of comparatively small power. 

In the design usually used on electric surface cars and 
as applied to the Detroit River Tunnel engines, approxi- 
mately half the weight of the motors is carried on the 
truck transom and the balance on the axle of the driver, 
the power of the motor being transmitted through single 
reduction pinions and gears. On trolley cars there is 
generally a pinion on but one end of the motor shaft. 
With motors exceeding 250 to 300 hp. there is usually a 
pinion on both ends of the motor shaft, driving corre- 
sponding gears fastened to the driving axle. This is the 
case with the Detroit River Tunnei electric locomotives. 


New York Central Gearless Motor. 


Eigss ts 


There is a motor for each pair of drivers, and about half 
its weight is carried by springs. 

The first New York Central electric locomotives had a 
four-wheeled guiding truck at each end. The drivers are 
in the central group of four, of larger diameter than the 
wheels in the guiding truck; the armature is mounted di- 
rectly on the driving axle. There is sufficient clearance 
between the armature and pole pieces to allow dropping 
the drivers as easily as those of a steam locomotive which 
has had the main and side rods removed. The armatures 
of these motors are not spring-supported. There is a 
motor for each pair of drivers. This has led to the opin- 
ion they would be hard on the track. The fact is there 
has been no track distortion or undue wear of the rail. 

Fig. 1 shows one of the gearless motors by itself. All 
of the New York Central electric locomotives are 
equipped with similar gearless motors. 

Figs. 2 and 3 give a general idea of a spring, or flexible 
gear, for transmitting the torque of the motor to the 
driver, used on single-phase commutator motors to soften 
the alternating impulses of the motor, and have been ap- 
plied to the Chicago, Milwaukee & St. Paul direct-current 
electric locomotives recently built, resulting in an exceed- 


*Report of the Master Mechanics’ Committee, of which C, H. Quereau, 
superintendent electrical equipment, New York Central, is chairman. Pre- 
sented at the Atlantic City Convention. 
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ingly quiet-running machine. The spring gear has been 
in service too short a time to warrant final conclusions 
being drawn, but in all probability these will be favorable. 
The Milwaukee passenger engines run successfully at 
60 m. p. h. . 

In the running gear of the Pennsylvania electric pas- 
senger locomotives the motor is mounted on the main 
frame and transmits its power through main rods to a 
jack shaft, and this in turn to side rods. The driving 
mechanism, except the side rods, is spring-supported. 
There are no gears. Each motor drives two pairs of 
drivers. 

Fig. 4 shows how the pull of the Norfolk & Western 
motors, which have a pinion on each end of the armature 
shaft, is transmitted through a jack shaft to side rods, 
and through these to the drivers. As in the case of the 
Pennsylvania engines, the driving mechanism is cush- 
ioned by springs, except the side rods. There is a motor 
for each pair of drivers. In service the pinions and gears 
are covered by a gear case. 

Fig. 5 shows a more recent type of quill drive, used on 
New Haven electric passenger, freight and switching en- 
gines, all of which are geared. In this design the torque 
of the motor is transmitted to the drivers through curved 
arms attached to the quill, the outer end of these arms 
compressing coiled hour-glass springs which are seated 
on the driving-wheel center. In this design the entire 
motor is spring-supported. 

Suinmary.—Experience with electric locomotives has 
not been sufficient to warrant a final conclusion as to 
the merits of the various systems of transmission of 
power from motors to drivers. The fact that scarcely 
two orders for electric locomotives have been built from 
in view of the infancy of electric traction as applied to 
the same plans is good proof of the above statement and, 
steam railways, it will not be surprising if a variety of 
designs will continue to appear. 

It is interesting to note that the Scotch yoke, which has 
been used rather frequently on foreign electric locomo- 
tives, has not been applied in America. 

Considering only the means of transmitting power 
from the motor to the drivers, including cost of repairs 
and losses by friction, the designs without gears or trans- 
mission rods are the most efficient for train speeds ex- 
ceeding 45 or 50 m. p. h. Below these speeds the gear 
and pinion are probably the most efficient. 

The jack shaft has so far been found not entirely satis- 
factory, as it appreciably increases internal friction and 
it has been found difficult to keep it from pounding and 
running hot. The quill springs have given rather more 
trouble than is desirable by breaking or becoming un- 
seated. Where gears are used, some design of spring 
or flexible gear will probably be found desirable for steam 
railroad electrification. 


Delay Statistics 


An inquiry directed to seven steam railways using main 
line electric traction disclosed the fact that, though they 
all kept statistics of train delays due to defects of their 
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electric equipment, no two compiled them on the same 
basis. On some roads a train delay is included in the re- 
ports when it amounts to one minute and only when it 
amounts to ten minutes on others. Some reports separate 
man failures; others do not. 

Under these conditions it is evident that, while the 
present reports may serve local needs admirably, there 
can be no fair or useful conclusions drawn by a compart- 
son of the delay statistics of any two of these roads. Be- 
cause of these wide variations, it seems certain the differ- 
ent roads cannot have the same ends in view or have not 
given the matter the consideration it deserves. 

It is probable in a number of cases the delay statistics 


. 


Fig. 2. Flexible Gear Assembled. 

are compiled by the operating department from a depart- 
mental standpoint without considering the needs of the 
motive-power department. 

What object should be sought by the motive-power de- 
partment in preparing the statistics showing train delays 
due to failure of equipment and enginemen? We believe 
it should be to so compile them as to form a basis for 
judging the efficiency of the equipment itself and of the 
organization maintaining and running it. The statistics 
should show separately the delays Paced by the mechan- 
ical parts, such as brake shoes, couplers and air brakes ; 
the electrical parts, such as motors, contactors and resist- 
ance, and delays due to man failures, such as improper 
proportion of motor and trailer cars, tight brake connec- 
tions or a circuit breaker not closed by the motorman, and 
the minimum delay to be included in the records should 
be low enough to uncover defective equipment and 
handling. 

As a general proposition, the delay statistics should 
inform the superintendent of electric equipment of every 
train delay due to the failure of the equipment and the 
carelessness or ignorance of those operating it. The 
workable minimum time for a delay should be not more 
than one minute. A responsible official cannot afford to 
fool himself by recording only such delays as are greater. 

It is the opinion of the committee that trailer-car mile- 
age should be included with motor-car mileage for all 
multiple-unit car statistics: It is quite evident that a 

motor car is combination with two trailers is required to 
do more work than a train of three cars, each of which is 
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a motor car. Including the trailer car mileage gives a 
fairer measure of the work done. As both classes of the 
cars are maintained by the same men and the mechanical 
features are identical, it is impossible to accurately sepa- 
rate the cost of maintenance between them. 

In the report of this committee, presented at the 1914 
meeting, the use of the unit Miles per Detention rather 
than Miles per Minute Detention as a basis for delay 
statistics was recommended. The committee renews that 
recommendation. 

Summary.—There is practically no uniformity in the 
delay records of railroads at present.» 

There should be delay statistics, compiled with special 


Fig. 3. Flexible Gear Parts. 
reference to the needs of the motive-power department, 
separate from the division superintendent’s. 

The motive-power department statistics should show 
Miles per Detention for the guidance of the motive-power 
department and Miles per Minute Detention for the use 
of the division superintendent. 

The records should show train detentions under the 
headings: Man Failure, Mechanical Failure, Electrical 
Failure. 

All train detentions of one minute or more should be 
recorded. 

Delay to following trains bhoulel not be included in the 
motive-power statistics. Such records are confusing and 
misleading, hence more than useless. 


Discussion 


Mr. Quereau: There are seven members on this com- 
mittee, each of whom is connected with a railroad which 
has been electrified to a greater or less extent. No two of 
these roads have the same system, the same equipment, 
and that will account for the fact that there is no more 
definite information in the report than that which is given. 

The New York Central is using on its electric locomo- 
tives what is known as the bi-polar gearless motor. The 
motor is mounted directly on the axle of the driver, and 
the drivers can be dropped exactly as from the steam 
locomotive after the side and main rods have been re- 
moved. That motor is considered dangerous by some 
pecple. What I have to say of this motor will apply to 
the conditions on the New York Central Lines, and other 
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trunk lines using a 100-Ib. rail, with a good track. What 
the results would be on a lighter track would. be a matter 
of opinion. It is entirely safe under the conditions under 
which it 1s operated on the New York Central. It is true 
that the locomotives develop a tendency to what, in steam 
practice, is known as nosing. When.a certain amount of 


Fig. 4. 


Transmission Gears of the Norfolk & Western Electric 
Locomotives. 


lateral motion is accumulated, nc matter where it may be, 
in the center, in the plates, or in the hub, there is a tend- 
ency to nosing. I believe you will agree with me that the 
trackman would be the first to criticise any device which 
did any damage to his track. It is the universal consen- 
sus of opinion among the trackmen on the New York 
Central, in the territory in which these locomotives oper- 
ate, that there has been no single case of deformation, 
distortion or damage to the track from these motors. I 
believe that evidence should pass without question. There 
is no difficulty in keeping the lateral motion in such con- 
dition that the engine rides beautifully. I have ridden 
on most of the designs of electric locomotives, and none 
of them ride as smoothly and quietly, under the conditions 
I specify as to track, as the bi-polar gearless motor. The 
lateral motion allowed is about three-quarters of what 
would be considered the limit for steam operation. The 
maintenance of these motors is very low. Previous to my 
connection with the maintenance of electrical equipment, 
my experience was entirely in the line of steam railway 
maintenance. When I undertook the work in which I 
am now engaged I had great fear of the gears. My idea 
was that it would wear out, break and make all sorts of 
trouble. That fear has entirely disappeared. We have 
gears which have made 200,000 miles on 200-hp. motors. 
With the modern heat-treated steel I] think we may rea- 
sonably expect 300,000 miles at 30,000 miles a year. We 
can forget the gears and pinions and simply watch them 
once in a few years. 

In connection with the matter of drive for electric 
locomotives, there is a very interesting article in the Elec- 
tric Railway Journal of June 10, by Mr. Shepard, which 
I have no doubt you will be interested in reading. 

Frank Rusch (C., M. & St. P.): I am not in a position 
to talk very much about the electrification of our road. 
But, as far as I am informed about it, the operation has 
been a success, and far beyond our expectations. Pos- 
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sibly if I come to the convention next year I can tell some- 
thing about operating motors over the Rocky Mountains. 

G. W. Wildin (N. Y., N. H. & H.): We have about 16 
switching locomotives of the geared type, with a pinion 
on each end of the armature. There are solid gears on 
the driver. We find that in this case the flexible gear 
would be much more satisfactory, due to the fact that 
when you want to put a new pinion on one end of the 
shaft and an old pinion on the opposite end, one pinion 
is doing the major portion of the work until it wears 
down and the other pinion takes hold. That is in the 
case of a rigid gear. In the case of a flexible gear you 
can put on a new pinion with the old one without dif- 
ficulty. 

We have a remarkable record as regards the operation 
of these 16 switching locomotives. We have gone some- 


Fig. 5. 


Latest Quill Drive for the New Haven Electric Locomotives. 


thing like 26 months without detention to the switching 
service due to failure of the engine. We are contemplat- 
ing the purchase of 20 or 30 more, with very little change 
as to size and construction, simply strengthening up a 
number of parts which we found to be a little weak in 
design. We have 36 freight locomotives in operation be- 
tween our Harlem River terminal and New Haven, a 
distance of about 65 miles.. We are hauling 3,000-ton 
trains with two locomotives operated in multiple. We 
have about 47 passenger locomotives and are getting be- 
tween shoppings on these locomotives about 110,000 
miles. We are gradually bringing the cost down to 
compare favorably with steam locomotives. These are of 
a complicated type, being both alternating current and 
direct current locomotives. Naturally, we would expect 
more trouble from a locomotive of this kind than a loco- 
motive of the straight alternating current or straight 
direct current type. Such trouble as we have comes in 
changing from one system to the other, especially in the 
winter. When we pass from the third rail to the over- 
head system the pantograph is rather sluggish, not being 
operated on the direct current zone, and in the reverse 
direction the third rail shoe fails to go down properly, 
due to the fact that snow and sleet accumulate on it. 
Prof. L. S. Randolvh: I think it would be a good plan 
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if the committee could formulate some system by which 
there could be some uniformity in the reports in regard 
to the detentions and failures. 

Mr. Quereau: I want to impress on the gentlemen 
here that the mechanical men. in charge of maintenance 
of electrical equipment are in a new field, not particularly 
in the electrical end of it, but in the mechanical end. 
Electrical engineers, six or eight years ago, were cock- 
sure, each school by itself, as to what was coming. Now 
they do not know so much about it. Mechanical men 
knew a lot about locomotive matters, as to what ought 
to be. They do not know so much as they did, because 
experience has shown that we cannot apply directly to 
the electrical locomotive all the experience we gained 
in the steam locomotive. 

(The committee was continued. ) 


Midi Railway Electrification in 


France 


In preparation for the reconstructive period which is 
bound to come after peace has been declared in Europe, 
the Midi Railway, which operates electrified lines in 
Southern France and to the frontier of Spain, is having 


ELECTRICAL -ENGINGER 


Vol. 7, No. 15 


The 48 motors for these locomotives are being built in 
this country at the East Pittsburgh plant of the Westing- 
house Electric & Mfg. Company, due to the crowded con- 
dition of work at the Havre shops of the French West- 
inghouse Company, with which the order for the locomo- 
tives was placed. Under ordinary conditions the entire 
equipment would have to be made in France, but as a 
result of existing war conditions the manufacturers were 
given permission by the French government to have the 
material for the locomotives made wherever it was most 
convenient. The motors are of 300 h. p. capacity at 790 
r. p. m., with 312-volt, 16 2-3-cycle single phase alter- 
nating current. 

The employment of single-phase locomotives for this 
project is the result of an interesting process of develop- 
ment, single-phase power having been used on the Midi 
Railway since 1908, at which time 10 miles of track near 
the Mediterranean coast were electrified. In 1910 the 
electrification of 175 miles of single track was authorized. 
Seventy miles of track was on the main line and 105 miles 
on intermediate branches. Bids for electric locomotives 
were requested and those of six companies accepted. The 
locomotives furnished were subjected to tests during 1911 
and 1912. As a result of these tests, which were made 
on a 15-mile section of. the line, three of the locomotives, 
including the one furnished by the 
French Westinghouse Company, 
were accepted. 

One of the major reasons for this 
extensive electrification was the 
availability of large amounts of 
hydro-electric power. The Eastern 
group of lines is furnished with 
power from several stations, two on 
the Tet River, one at Fontpedrouze, 
another at Porte in the Valley of the 
Caroe—the two latter for stand-by 
service—and a sub-station at Ville- 
franche. Power for the Western 
group of lines is supplied by a hydro- 
electric station at Soulon. Two other 
stations are projected; one at Eget, 
on the Aure River, and the other at 
Orleans. These will supply power to 
the line from Dedous to Aronanos. 


One of the Midi High Speed Electric Locomotives. 


eight single-phase electric locomotives built, each de- 
signed for both freight and passenger service. The new 
locomotives are intended for use on the system’s Wes- 
ern group of lines and will ultimately be placed in service 
on the main line from Toulouse and Bayonne. 

Each locomotive will have a continuous rating of 1,500 
h. p. and a one-hour rating of 1,800 h. p., at a maximum 
speed of 62 miles per hour. There will be six motors 
of the double fed type on each locomotive. The motors 
will be mounted in pairs, each pair being geared to a 
quill surrounding one of the driving axles and connected 
to the drivers by helical springs. Clearance is provided 
between quill and axles so that the vertical movement of 
the drivers will be independent of the motors, the design 
being similar to that employed on many American 
locomotives. 


The Thompson Electric Company 


The Thompson Flectric Com- 
pany, 5606 Euclid avenue, Cleve- 
land, Ohio, has been awarded a silver medal by the Third 
National Exposition of Safety and Sanitation, New York 
City, May, 1916, in recognition of work done in the pro- 
motion of safety through their campaign for clean 
lamps and the development of their Safety cut-out 
hanger, or automatic disconnecting lowering device, 
which is being used extensively by industrial plants and 
railroads. 

The device is designed especially for use on large 
Mazda and Type C or nitrogen lamps, the object be- 
ing to keep the lamp-cleaners on the ground, in a po- 
sition of safety, and to make it so easy and safe to 
get at the lamps for cleaning, that there will be no 
excuse for losing the benefit of a large percentage of 
the light which they are producing or which they are 
capable of producing. 


Insulation of Electrical 


By Gordon Fox 


HE three elements of an electrical machine are cop- 
per, iron and insulation. Copper and iron are 
active elements, while insulation is inert, but none 

the less important. The primary function of insulation is 
the electrical separation of conductors from each other 
and from the frame. Aside from this, insulation must be 
able to withstand mechanical! stresses and to conduct 
heat away from interior points to surfaces where ventila- 
tion is possible. Unfortunately, poor electrical conductors 
are usually poor heat conductors, so that rapid transfer 
of heat is a problem without easy solution. Neither the 
iron nor the copper in a machine are seriously affected 
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by temperatures such as are attained in electrical appa- 
ratus, nor are they greatly damaged by water, oil or dirt. 
Insulation is affected by all these things. Being thus 
the weakest link in respect to reliability, its importance 
cannot be overestimated. 


Ohmic Resistance and Dielectric Strength 


Insulation enables a conductor to have a definite po- 
tential and enables adjacent conductors to have differing 
potentials. Because of the different potentials, current 
tends to leak slowly through the insulation by paths 
offering even the slightest conductance. The ability to 
prevent this leakage may be termed ohmic resistance. 
If two conductors of different potential be placed ad- 
jacent to each other, but separated from ‘one another, 
there is always a strain in the intervening space due to 
a tendency for the medium in that space to break down 
and allow current to arc across from one conductor to 
the other. The ability to prevent such disruptive dis- 
charge is called the dielectric strength of an insulator. 
The difference between ohmic resistance and dielectric 
streneth may be most readily seen if we consider a few 
simple examples. Suppose our two conductors of differ- 
ing potential are separated merely by intervening air. 
Air is an excellent non-conductor, having extremely high 
ohmic resistance, but it breaks down easily and an arc 
is set up across it quite readily. Suppose now that we 
insert a sheet of paper between the two conductors. 
Paper has lower resistance than air, so that the total 
ohmic resistance is decreased, but paper has much less 
tendency to break down and permit disruptive discharge, 
hence the dielectric strength is increased. Next let us 
replace the paper with a sheet of composition mica. The 
resistance of the mica plate is less than that of paper; 
in other words, it is a better conductor, so that the ohmic 
resistance is still lower than before. Mica, however, is 
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comparatively impervious to disruptive discharge and the 
dielectric strength is now very high. 

It has been determined that leakage through insulation 
is in reality flow of current across bridges or films of 
minute conducting particles. It follows that insulation 
which is wet or dirty has a lower resistance than that 
which is dry or clean. A machine may have low insula- 


‘tion resistance and, after being thoroughly cleaned and 


dried, it may show several times as high resistance. 
Ohmic resistance is thus not an accurate indication of 
the character of insulating material. It is, rather, an 
indication of its condition. It is evident that insulation 
in poor condition is more likely to break down than that 
in good condition. Low resistance, therefore, usually 
indicates comparatively low dielectric strength for the 
insulation involved. As was previously shown, this is 
not true in the reverse sense, as insulation may have low 
dielectric strength and high ohmic resistance simultane- 
ously. Material which is very dry, for instance, usually 
exhibits high resistance, but may be full of cracks and 
crevices filled with air across which current will not leak, 
but may readily arc. 


Determination of Ohmic Resistance 


The exact ohmic resistance of insulation can be de- 
termined only by use of a galvanometer, but, since this 
resistance is more or less variable, depending upon 
humidity and cleanliness, it is not necessary that exact 
values be found. The resistance can be determined with 
sufficient accuracy by the use of a direct current volt- 
meter. The voltmeter is connected in series with the 
unknown resistance and across a source of constant 
direct current potential. The connection for measuring 
the resistance of a motor is shown in Fig. 1. The insu- 
lation resistance X is to the resistance of the voltmeter 
r as the volts drop in X is to the drop across the volt- 
meter r. Suppose our source of potential is 550 volts 
and the meter reads 6 volts. Suppose further that the 
voltmeter resistance (stated on cover of case) is 15,000 
ohms. 

X : 15000 :: 544 :6 
X = 1,560,000 ohms. 
= 1.56 megohms. 


The insulation of low potential machines should range 
from .05 megohm to 1 megohm, the lower value apply- 
ing to large machines of very low voltage, as, for in- 
stance, a 1,000 kw. 110 volt generator. The higher value 
would apply to a 100kw. 1,000 volt machine. Of course, 
if the resistance exceeds this value all is well. The 
A. I. E. E. requirement for insulation resistance is 
given in the formula 


Rated voltage 


Megohm res = eee a 
KVA capacity + 1000 


Since insulation resistance varies according to the volt- 
age applied it is desirable that a test voltage of 500 volts 
be used where possible in order to secure comparable 
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results. A machine will indicate lower resistance with a. 
higher test voltage and vice versa. 


Test for Dielectric Strength 


Dielectric strength of insulation is more important 
than the resistance. This factor is tried by applying a 
high alternating test voltage between each electric circuit 
and the other electric circuits and from each electric 
circuit to ground. A 60-cycle sine wave voltage is speci- 
fied by the A. I. E. E. The value of the test voltage 
depends upon the size of the machine, the rated voltage 
and the service. Most machines are tested by applica- 
tion, for 60 seconds, of a test voltage of twice the rating 
plus 1,000 volts. ‘Thus, a 1,200-volt machine would be 
tested at 3,400 volts (4,800 volts crest of wave) and a 
12,000-volt machine would be tested at 25,000 volts 
(35,400 crest). The few exceptions to this rule are 
found in the A. I. E. E. standardization rules, articles 
500 to 512. 

It might be noted that the above tests, if successfully 
passed, insure a factor of safety for the insulation be- 
tween separate windings and between the windings and 
frame. They do not, however, furnish a test between 
adjacent coils of the same winding having different po- 
tentials, nor do they test the individual turns of insulated 
joints. A generator, for instance, could not be tried for 
breakdown between phases of coils unless all the indi- 
vidual coils were disconnected from each other. In order 
to make such a test and assure a factor of safety in this 
respect it is suggested that the equipment be required to 
withstand a 25 per cent to 50 per cent overvoltage for a 
short period. Transformers are regularly subjected to a 
100 per cent overvoltage run, but the method has never 
been commonly extended to apply to motors and gen- 
erators. The practice is recommended by a few and its 
further use seems warranted. 


Insulating Materials 


Among the common materials entering into the insu- 
lation of electrical machines are: cotton, silk, paper, 
fullerboard, fiber, rubber, gums, and resins, mica and as- 
bestos. In general, the same kinds of insulating mate- 
rial are used both for low voltage and for high voltage 
machines, the insulation being made heavier the greater 
the voltage to be withstood. In low voltage motors and 
generators the function is largely one of mechanical 
separation and insertion of ohmic resistance since the 
volt-withstanding ability is not severely tried. High pres- 
sure machines, say above 6,600 volts, have their insula- 
tion proportioned more particularly with reference to its 
ability to withstand high tension. The amount of insula- 
tion required increases more rapidly than does the volt- 
age, since disruptive strength does not increase propor- 
tionately with the thickness. The rate of growth of di- 
electric strength with thickness of insulation is not a 
definite, accurate ratio, but varies with different mate- 
rials and different conditions of the same material. 
Generally speaking, doubling the thickness increases the 
dielectric strength about two-thirds. 

All of the materials mentioned above, except mica and 
asbestos, are deteriorated by moderate heat. Cotton and 
silk are used largely because of their flexibility. Both 
are highly porous and absorbent and are intended essen- 
tially as mechanical separators, the interstices to be filled 
with varnish. Cotton insulation can be likened to lath 
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or expanded metal and the varnish is comparable to the 
plaster or cement applied thereon. The varnish is most 
frequently applied after the tape is in place, although 
empire cloth and friction tape are types of preliminary 
filled insulation. Silk is, of course, much finer in texture 
than cotton, though more expensive. It is used where 
the space for insulation must be minimized. Silk is ex- 
cellent for some repair work, since it affords better pro- 
tection with less bulk than cotton. For instance, an 
abrasion on the portion of a formed coil which must be 
replaced in a slot can advantageously be taped up with 
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Fig. 2. A Curve Which Shows How the Life of the Ordinary 
Fibrous Insulating Materials Varies with the Operating Tempera- 
ture. ; 


silk, which affords a safe covering without bulging the 
coil. Paper is a comparatively good insulator; any close 
grained grade, called fish paper, is commonly used. It 
is not flexible, but is effectively used for straight runs 
such as cells for slots into which the coils are inserted. 
Paper also is often treated with varnishes, more fre- 
quently before insertion. Fiber is in reality paper stock 
formed into plates and tubes. It is used extensively for 
washers and bushings, but absorbs moisture readily. 
Rubber is not much used internally in electrical machines 
as it deteriorates under moderate heats. Moulded insu- 
lations are used to some extent for accessories. Mica 
has high dielectric strength and is not deteriorated by 
such low heats, but it is inflexible and weak mechanically. 
It is prepared for use by forming ribbons or plates com- 
posed of mica flakes cemented to a thin, tough paper, 
supporting medium by special binding gums. The most 
familiar use of mica is as micanite or micabond for com- 
mutator segment separation. Mica ribbon is quite 
commonly used for coil insulation where high tempera- 
tures are to be experienced. Large, high speed turbo 
generators in which high temperatures are necessary 
because of large outputs from small bulk and enclosed 
motors for railway, haulage and mill service are types 
utilizing mica insulated coils. Asbestos is a poor insu- 
lator in itself. It is porous, has comparatively low re- 
sistance, is bulky and weak mechanically. It is, how- 
ever, largely unaffected by heat. Resins and gums serve 
a manifold purpose. They act as fillers to close all pores 
and spaces as with cotton insulation. In this way they 
form the real insulator, the cotton merely being the sup- 
port. They also serve to conduct heat and to cushion 
against mechanical stresses. Moreover, by softening 
when heated, they tend to prevent the insulation from 
becoming dry and brittle at high temperatures. Var- 
nishes are used to prevent water from entering and form- 
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ing leakage paths. To do this they must either keep out 
the water entirely by closing all pores externally or they 
must form a solid impervious coating of the body of the 
varnish on the conductor itself inside the insulation. 
Brush application of varnish serves to coat the exterior 
and prevent entrance of moisture. Vacuum treatment 
endeavors to work the varnish in next to the conductor, 
forming a non-conducting layer and filling the pores as 
far as possible. Varnish reduces the extent to which 
moisture is absorbed, but it 1s unable to stop absorption 
altogether. Material which may in liquid state fill the 
pores completely will fail to do so after drying by evapo- 
ration. Insufficient elasticity of the varnish is a funda- 
mental defect, as it is unable to follow the expansions 
and contractions of the conductors sufficiently. Its con- 
tinuity is therefore broken up and small crevices occur 
into which moisture can enter. 


Mechanical Stresses 


The second important requirement of insulation is the 
ability to withstand mechanical stress. The conductors 
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Fig. 3. A Curve Showing the Life of Heat Resisting Insulation at 
Various Temperatures. 


in a machine exert forces the magnitude of which are 
not often fully comprehended. Field coils tend to travel 
lengthwise along the. pole pieces, while armature, stator 
and rotor conductors exert a pressure on the sides of 
their slots. The insulation must cushion the conductor, 
preventing vibration as far as possible. There is nearly 
always some vibration in such parts as armature coils. 
High speed machines and those suddenly reversed, 
stopped and started, are particularly subject to this con- 
dition. In railway motors mechanical vibration is ever 
present to cause deterioration of any insulation which is 
already brittle or which later becomes so, due to heat or 
long use. Movement of conductors must be restricted 
to a minimum by banding, wedging and bracing. Vibra- 
tion causes cracking of the insulating filler or varnish. 
This destroys its continuity and paves the way for break- 
down. An insulating covering which is full of small 
cracks and crevices has a dielectric strength little greater 
than air alone, since the opportunity arises for disruptive 
discharge across the air-filled breaks. Continuity of the 
surface is also important in preventing the absorption 
of moisture and dirt. After the exterior becomes cracked 
the insulation resistance is likely to be reduced. 


Heat Resisting Qualities 


The third essential of good insulation is its ability to 
undergo fairly high temperatures without excessive de- 
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terioration. Insulation is the limiting consideration in 
rating a piece of electrical apparatus. The insulating 
materials most commonly used for motors and generators 
will withstand a continuous temperature of 100 degrees 


Centigrade and afford comparatively long life. The life 


of an insulation not mistreated or subjected to undue 
moisture, oil or dirt, depends largely upon its tempera- 
ture when in operation. A curve which shows how the 
life of the ordinary fibrous insulating materials varies 


according to the operating temperature is shown in Fig. 


2. This curve gives, of course, merely a general rela- 
tion, it being an average for many specific materials. — It 
is found that intermittent loading and steady loads have 
about the same influence on insulation life, provided that 
the peaks are not of such long duration that the machine 
becomes heated to a temperature corresponding to the 
extreme load. The temperature attained by an intermit- 
tently loaded machine is the same as that reached by 
the machine operating continuously for short periods. It 
is for this reason that haulage motors, elevator motors 
and such types are said to have 30, 40 or 60 minute rat- 
ings. This expression means that the machine, carrying 
full rated load for 30, 40 or 60 minutes, will reach the 
same temperature as will be reached when it is placed in 
its regular intermittent duty. These ratings are entirely 
empirical, based upon experience. Some machines are 
inherently liable to high temperatures. The material in 
a large turbine generator, for instance, is worked hard 
and the losses, appearing as heat, are confined in a small 
frame with comparatively little radiating surface. 
Totally enclosed railway, mill and crane motors also nat- 
urally tend to run warmer than their open prototypes 
which offer better ventilating possibilities. Either the 
iron and copper of such machines must be worked to 
only a moderate degree or else insulation must be used 
which will withstand higher temperatures without sac- 
rifice of longevity. From the cost viewpoint the latter 
practice is preferable. Consequently insulations have 
been developed to successfully stand temperatures up to 
125 and 140 degrees Centigrade. Figure 3 is a curve 
showing the life of this type of insulation at various tem- 
peratures. It is similar to figure 2 in that it represents 
average conditions. These insulations use mica prepared 
in various ways, but in nearly every case it is cemented 
to a paper binder as a supporting medium. This sup- 
porting material may deteriorate with heat without les- 
sening the insulating qualities of the mica. The material 
is not strong and must be carefully braced to avoid vibra- 
tion. Removal of coils for repairs, on which this insula- 
tion is used, is also attended with greater difficulties than 
where cotton tapes are used. 


Temperature Limits 


It has been stated that fibrous insulations will with- 
stand a temperature of 100 degrees Centigrade and mica 
insulations a temperature of 125 degrees. This means 
maximum temperatures. The temperature of the exte- 
rior of a coil may be 10 to 15 degrees cooler than some 
internal hot spot. Consequently, when temperatures are 
measured by thermometer it is necessary to make allow- 
ance for the difference between internal and external 
temperatures. When temperature rises are determined 
by resistance measurements they show the average value 
throughout the coil and do not indicate the maximum 
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temperature. Consequently, even when this method is 
used, some margin must be allowed. The difference 
between maximum internal temperature and surface tem- 
perature depends upon the type of machine, kind and 
amount of insulation and ventilation. Machines of mod- 
erately low voltage, having comparatively thin insulation, 
have a fairly small heat gradient between internal and 
external points. Ordinary direct current armatures, 
induction motor primaries, stator and rotor of engine 
type alternators all have comparatively even heat distri- 
bution with plenty of radiating surface and easy ventila- 
tion. Large field coils are more difficult to ventilate as 
are also turbo generator coils and coils of other alterna- 
tors having long stackings in which the central portions 
may attain materially higher temperatures than the ends. 
High voltage machines having thick insulations will have 
quite steep temperature gradients. It is thus evident that 
the safe temperature rise allowable above measured val- 
ues, for a piece of electrical apparatus, depends upon the 
class of insulation used and the type of machine. A rise 
which may be perfectly safe for one case may be prohib- 
itive for another. Rises specified for ordinary insulations 
are 35 to 40 degrees Centigrade above the surrounding 
air for full load with 50 and.60 degree rises with over- 
loads. For heat resisting insulations rises from 60 to 85 
degrees are specified. In apparatus with higher tem- 
peratures, requiring special insulation, there is less like- 
lihood of uniform heat distribution and greater margins 
may be required. 

In some classes of apparatus there are certain definite 
points which are prone to attain higher temperatures 
than other portions. For example, that part of an arma- 
ture coil which is embedded in the iron is much more 
likely to become overheated than are the end connections. 
The buried portion receives heat both from the copper 
and the iron while the ends must care for copper losses 
alone. Also better ventilation is possible for the end por- 
tions of the coils. It is therefore advisable to insulate 
the embedded straight portions of the coils, where little 
flexibility is required, with mica composite insulation. 
The ends may then be taped with treated cloth, without 
fear of injury from the lower temperatures occurring at 
these points. 

As previously suggested, insulating materials are not 
good heat conductors. For illustration, the heat flow 
through a copper body is more than 2,000 times as rapid 
as the flow through tape. Iron is not nearly so good a 
conductor as copper yet it conducts heat about 400 times 
more readily than insulation. Air is an exceptionally 
poor heat conductor and air pockets are therefore 
extremely undesirable in insulation. It is good practice 
to make the insulation as thin, compact and dense as pos- 
sible and to fill the pores with varnish to make it solid. 
There is a great difference, for instance, between the 
temperature gradients of a vacuum impregnated coil and 
one of cotton covered wire externally varnished. 
Vacuum treatment is applied by first inserting the coil 
in a vat subjected to about 90 degrees heat and from 
which the air is exhausted. All moisture is easily vapor- 
ized under this condition. Then the gum preparation is 
pumped into the vat in a hot and fluid condition. It is 
sucked into the pores and, upon removal, bakes into a 
very solid unit. Such treatment can, of course, be applied 
only in original manufacture. 


ELECTRICAL ENGINEER 


WOl.. 7; NO. ele 


Weadlight Generators 


A 150-watt, 6-volt, direct-current turbo-generator set 
is illustrated, which has been developed by the Pyle-Na- 
tional Company, Chicago. It is designed to meet the 
requirements of the incandescent headlight, both for 
switching and road service, and differs in several respects 
from the older types of generator sets manufactured by 
this company for the arc headlight. 

The turbo-generator is small and compact and operates 
with equal success with either superheated or saturated 
steam. The turbial is of the constant flow, constant pres- 
sure type and no governor valve is used. The speed 
regulation is controlled by a simple fly-weight centrifugal 
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Pyle-National 150-Watt, 6-Volt Headlight Set. 


governor, which forces the turbine rotor out of register 


with the nozzle. Steam is supplied to the turbine by a 
3g-in. pipe and the exhaust passes out through a 1¥%-in. 
pipe. ; 

The generator is of the bi-polar compound wound type. 
The field frame and poles are made in one piece, entirely 
enclosing the field windings, which, in turn, are liberally 
proportioned and well ventilated. The armature is of the 
ring wound type and, with the commutator, is mounted on 
a sleeve which can be removed from the shaft by taking 
out a single screw. ; 

A 2%-kw. generator set has also recently been placed 
on the market by the same company. This set is designed 
to supply current both for the locomotive headlight and 
the coaches in branch line or suburban passenger service. 
Under the ordinary requirements of such service it will 
take care of from 7 to 10 cars. It is now being used in 
suburban service on the Staten Island lines of the Balti- 
more & Ohio, and one train has recently been equipped 
by the Chicago & North Western. This set is known as 
the Type T equipment. It has a governor of the regulat- 
ing valve type, the valve being controlled by a tension 
spring fly-weight centrifugal governor mounted on the 
shaft and attached to the turbine rotor. Steam is supplied 
by a 34-in. pipe and a 2-in. pipe takes care of the exhaust. 
The generator is bi-polar and is wound for 32, 60, 110 
or 220 volts. 

This set is entirely self-contained and requires no spe- 
cial foundation. Its overall length is 33 in., the height 
is 19 in. and the width 18 in. It weighs less than 400 Ib. 


Anti-F riction 


Locomotives 


Klectric 


By Arthur V. Farr* 


HEN H. Ward Leonard, years ago, prophesied 

V6 that railway transportation in mountain regions 
would be by the electric locomotive method, he 

hit the truth so accurately that it seems unfortunate that 
he could not have lived long enough to see the electric 


Fig. 1. Views of the Anti-Friction Bearings 
Electric Locomotive. The Thrust Bearing Is Shown in the Center 
While the Radial Bearing Is Shown at the Left with a Deflected 
View of the Same Bearing at the Right. 


in the St. Paul 


system of the Chicago, Milwaukee & St. Paul. If he 
had been able to see the time of electric railway transpor- 
tation in the mountainous regions through which this 
railroad runs, it would have been a great satisfaction to 
the distinguished inventor. 

One of the interesting features of the equipment in- 
stalled on the 282-ton electric locomotive now operating 
on the electrified divisions of the St. Paul, is the motor 
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Fig. 2. A Sketch Showing the Relative Location of the Various 
Anti-Friction Bearings in the Set Which Is Installed Longitudinally 
in the Locomotive Cab. 


generator set which provides low voltage current for the 
control and other auxiliaries. This set consists of a 
3,000-volt direct current series motor, having a double 
winding and two commutators operating in series on 
3,000 volts, a small generator for furnishing current for 
regeneration and for charging storage batteries on pas- 
senger cars, and a blower of 13,000 cu. ft. capacity for 
ventilating the main driving motors. On account of the 
several functions performed by this set, dependable per- 
formance is of vital importance to the operation of the 
locomotive. Besides furnishing current for Control it is 
also used in connection with regeneration on down 
grades; for lighting the locomotive interior, and for sup- 


*S. K. F. Ball Bearing Company, Hartford, Conn. 
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plying the low voltage incandescent headlight which 
takes current from collector rings at one end of the set. 

{n order to insure safety, to obtain the highest possible 
efficiency and to insure reliable operation under extreme 
weather conditions, these sets are equipped with ball bear- 
ings manufactured by the S. K. F. Ball Bearing Company 
of Hartford, Conn. The bearings are of the self-alining 
type and consist of an inner race and outer race and a 
double row of balls made of Swedish crucible steel 
and a ball retainer of bronze. The inner race contains 


Fig. 3. 


A General View of the Motor Generator Set With One of the 
End Caps Removed to Expose the Thrust Bearings. 


two grooves, each ground to a radius slightly larger than 
the radius of the balls, and the inner surface of the outer 
race is ground in the form of a section of a hollow sphere 
whose center is at the center of the shaft. It will be seen 
from a study of this construction that the inner race, to- 
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Fig. 4. Detailed Application of the Anti-Friction Bearings in the 


St. Paul Electric Locomotives. 


gether with the balls and retainer, are free to revolve at 
any angle within the outer race without causing undue 
strain on the balls. The bearings will thus automatically 
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and instantly adjust their position to compensate for any 
shaft deflection or load changes. 

The bearings above described are illustrated in Fig. 1, 
In the center of the photograph is shown the thrust bear- 
ing which takes up the shock incident to switching and 
train handling. This bearing has a capacity of over 5,000 
lb. at the normal speed of the set which is approximately 
900 revolutions per minute. On the left is one of the 
radial bearings which is over ten inches in diameter and 
which has a bore of 4.7 inches. On the right the same 
type of bearing is shown in a deflected position, which 
illustrates the arrangement for self-alining used in the 
construction of these bearings. A complete armature for 
this set weighs about 4,000 lb., and the dimensions of the 
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air gap around each part of the combined armature are 
as follows: Motor, about .21 inches; exciter, about .156 
inches; control generator, about .125 inches. The loca- 
tion of the bearings in the set, which is installed longi- 
tudinally in the locomotive cab, is shown in Fig. 2, and 
it is seen from the diagram that the set overhangs at 
both ends. The detailed application of these bearings is 
shown in Fig. 4, while a general view of the set complete 
with one of the end caps removed to expose the thrust 
bearing is shown in Fig. 3. 

Forty-two of these locomotives are either in operation 
or under construction employing a total of eighty-four of 
these sets. It is planned to have all of them in actual 
operation this year. 


Power for Telephone 


Despatching 


western roads are being operated at a greatly re- 

duced cost for power through a system developed 
and patented by Archibald Wray, assistant superinten- 
dent of telegraph, Chicago, Rock Island & Pacific, Chica- 
go. A motor-generator set connected to a commercial 
source supplies direct current at a voltage suitable for 
the line. This generator is normally connected toa 
bank of condensers having a capacity of about 4 mi- 
crofarads for each selector on the circuit. The con- 
nection to each terminal of the condensers is made 
through a front point of a relay which is so con- 
trolled by a master selector as to reverse these con- 
nections when a call comes in from the line, allowing 
the condensers to discharge and operate the circuit 
as indicated in the accompanying diagram. The cur- 


See telephone train despatching circuits on 


Flg. 1—Simple Connection Diagram of a Telephone Despatching 
Circuit Showing Use of Condensers with a Direct Current Supply. 


rent so produced has no effect on grounded telegraph 
circuits, simplexed on thegtelephone circuit, Since 
the connection between generator and condensers is 
normally closed and between condensers and line nor- 
mally open, only the amount of current which is ac- 
tually required to operate the selectors is consumed. 
This is found to be very small and on one road that 
has installed this system it is estimated that the an- 
nual cost for power will be less than $1.00. 

Another power supply system devised and put in 
service on the Rock Island by Mr. Wray utilizes alter- 
nating current through a chemical rectifier. In this 
system the commercial alternating current power is 
transformed to any desired voltage depending on the 
number of selectors to be operated on the circuit and 
is then passed through a chemical rectifier which pro- 
duces a direct current with very slight variation. This 
variation, however, was found to produce a hum in 
the telephone receivers and to overcome this an im- 


pedance coil was installed and condensers shunted 
across the circuit supplying the line. It was found 
that the impedance coil serves the purpose better than 
the condensers, however. 

A second coil, shown in the diagram, serves to smooth 
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Fig. 2—Simple Connection Diagram of a Telephone Despatching 
Circuit Showing Use of Condensers Where the Direct Current is 
Obtained from an Alternating Current Supply Through a Chemical 
Rectifier. Impedance Coils Are Used to Smooth Out the Direct 
Current Impulse. 


out the direct current impulse so as not to produce a 
sudden crack in the receivers. A relay is provided in 
the leads to the primary coil of the transformer and 
also a relay in each lead from the rectifier to the line, 
all of which are operated by the master selector so 
that there is no chance for power to be consumed 
except when required for the operation of a selector. 

On the Illinois division of the Chicago, Rock Island 
& Pacific the telephone despatching circuit of 175 miles 
has been equipped with this system, replacing 166 
cells of dry battery. About % ampere is required on 
the 220-volt alternating current circuit for each call 
during a period of about 3 seconds. As there are about 
250 calls per day on this line, the power consumption is 
110 watts for 12%4 minutes per day or 8% kw. hr. per 
year. At commercial rates this costs less than 50 
cents per year. Careful estimates show that it will 
cost about $1.50 per year for chemicals in the rectifier 
and $1.00 per year for new aluminum elements or 
about $3.00 in all as compared with at least 275 dry 
cells at 25 cents apiece or $68.75. The rectifier and 
condensers cost $25, the transformer $4.25, additional 
impedance coils $10, or a total of about $40 for the 
equipment, and an estimated cost of $5 for the labor 
of installation. 
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XXI—Electric Meters 
J. GW. Wickman* 


HE object of this article is to explain the different 
electrical instruments that are used to measure 
electrical energy. The three most important of 

these instruments are the voltmeter, ammeter and the 
watthour meter, each of which will measure its particular 
part or a whole of the energy. The voltmeter will meas- 
ure the volts or pressure, the ammeter will measure the 
amperes or current and the wattmeter will measure the 
watts or true power. 

There are special meters such as the power factor 
meter, frequency meter, oscillograph and the synchro- 
scope that perform special functions in connection with 
electrical measurements that will receive consideration 
later. Another object will be to place before the student 
a thorough description of each of the different kinds of 
meters, touching upon its construction, installation, 
repairs and operation, together with such practical 
points that will be of benefit to the electrician that handles 
electrical instruments on the railroad. 


Definitions 


The unit of current strength used in practical elec- 
trical measurements is called the ampere. A current is 
said to have a strength of one ampere if it will deposit 
exactly 0.001118 grams of metallic silver in one second 
when flowing through a solution of nitrate of silver and 
water. The resistance which the current encounters 
in flowing through any substance, such as a wire or a 
solution is expressed in the terms of a unit known as the 
ohm. One ohm is that resistance which is encountered by a 
current flowing through a column of mercury 106.3 centi- 
meters long, weighing 14.4521 grams at a temperature 
eiesZedeoreds I. 

The pressure which forces the current through the 
resistance is called electro-motive force or difference of 
potential and is measured in volts, one volt having the 
strength to force one ampere of current through one ohm 
of resistance. Electrical energy or power is measured 
in watts, which are equal to the volts multiplied by the 
amperes when considering direct current, and volts 
times amperes times power-factor times constants when 
considering alternating current. If one watt is used for 
one hour we would say that one watt hour of energy has 
been expended, but this being a very small quantity the 
unit of measurement is expressed in kilowatt hours, that 
is, 1,000 watts used for one hour is equal to one kilowatt 
hour. This unit is adopted as the universal unit for sell- 
ing or buying electrical energy and all up-to-date watt- 
hour meters are being so made that they record in kilo- 
watt hours direct. 


Galvanometers 


The first means that were used to measure electricity 
was by the use of the Galvanometer, which served the 
purpose quite satisfactorily and accurately, and as this 
instrument is still in use to a certain extent in laboratories 
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for detecting and measuring very low currents it seems 
advisable that the student should know and master the 
principles of the galvanometer. 

When a wire or_a coil of wire is placed in a position 
parallel to the magnetic axis of a compass needle and 
current is passed through the coil of wire the needle will 
have a tendency to take a position at right angles to the 
coil or conductor and it is on this principle that the gal- 
vanometer is based. The ordinary galvanometer is made 
in two forms, one form having the magnetic needle sus- 
pended over a scale marked in degrees which rests on the 
coil, while another form has the needle suspended upon 
a jeweled cup, within the coil. In either case when no 
current is flowing through the coil the needle should rest 
i a position parallel to the coil, being held there either 
by the earth’s magnetism or by some permanent magnet 
placed near the needle, but when any electricity is passed 
through the coil the needle will be deflected, the deflec- 
tion depending upon the strength of current passing 
through the coil, that is the greater the current the 
greater the deflection. The degree scale is calibrated for 
different localities with standards equal to the standard 
unit of current, or the ampere. 


Ammeters 


As before stated the ammeter is used to measure cur- 
rent strength and all commercial instruments, whether 
for stationary or portable use, are so calibrated as to read 
in amperes. The principle of operation of most all direct- 
current ammeters is as follows: The current passing 
through the main coil produces a magnetic field which 
acts on another small coil or needle which tends to move, 
but being pivoted it turns on its axis and moves the indi- 
cating hand across the scale in opposition to the tension 
of a spring or to gravitational forces. In nearly all 
ammeters a permanent magnet surrounds the movable 
element. 


Astatic Instruments 


There are three essential characteristics that all instru- 
ments should have when used to measure current which 
are not possessed by all instruments in use. (1) They 
should indicate accurately regardless of external influ- 
ences. (2) They should be dead-beat and retain their 
calibration indefinitely. (3) They should permit repairs 
without difficulty. 

The principle of action of the Thomson astatic am- 
meter, which is used extensively for switch-board work 
because it possesses the above characteristics, is as fol- 
lows: The fields of the instrument consist of an electro- 
magnet, wound for any special voltage and provided with 
separate binding posts from the current posts of the 
instrument. The movable coils are mounted upon an 
aluminum disk and are located in a magnetic field which 
is parallel to the shaft and astatically arranged. Two 
small pieces of magnetic metal are rigidly mounted on 
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the shaft, and the astatic components of the magnetic 
field, which are perpendicular to the shaft, tend to keep 
the pieces of magnetic metal in their initial position. 
When current passes through the coils of the movable 
element the lines of force parallel to the shaft produce a 
torque which tends to turn the shaft which is attached 
to the indicating needle. This action is opposed by the 
magnetic field at right angles to the shaft, acting on the 
two pieces of the magnetic metal. The calibration of this 
type of meter is of a lasting nature as the accuracy of 
the meter is not dependent upon the magnet strength. 
The magnet strength may change but the distribution of 
the field cannot change, hence the instrument is very 
accurate: 

Oftentimes instruments are purchased and used that 
are affected by external fields, which are common around 
a power house. The astatic instruments, however, are 
not affected by such stray fields, as the instruments are 
enclosed in an iron case and even if such a field did enter 
it would only tend to increase the torque on one side of 
the armature and decrease it on the other side, thereby 
producing a balanced effect. 


Connections of Ammeters 


When the current to be measured is small the main 
line carrying the current is connected so that the am- 
meter is in series with the line. On the other hand, when 
a large current is to be measured it would be impractical 
to build an ammeter that would have terminals large 
enough to connect the main leads to and the inside wind- 
ings would be so out of proportion that such a meter 
would occupy too much room on a switchboard. To 
overcome such a cumbersome meter, therefore, a shunt 
is connected in series with the main circuit and only a 
portion, usually but 5 amperes, with full reading on the 
ammeter, is carried through the meter itself. 

A word of caution relative to connecting any direct- 
current ammeters may be appropriate. Ifthe meter is to 
carry the main line current the connections must be tight 
and clean so as not to heat up the terminals when a load 
is placed on the circuit. If the ammeter is used with a 
shunt, the flexible leads should never be cut. No doubt 
more cases of trouble have been caused by cutting off 
the leads sent out with shunts for ammeters than any 
other cause, this being done to make a neat appearing 
job of wiring. It should be remembered that the leads 
sent out by all meter manufacturers with the shunt for 
any particular meter are used when the meter was cali- 
brated and the resistance of the leads was taken into 
consideration. Therefore the length of the leads should 
not be reduced under any circumstances if the correct 
reading is to be obtained. Another thing, the special 
numbers that are always stamped upon a shunt should 
correspond to the numbers on the meter with which it 
is used. Whenever connecting an astatic ammeter it 
must be remembered it will be necessary to run a poten- 
tial circuit to each instrument for supplying the magne- 
tizing coil as shown in Fig. 72. 

A definite rule to remember when using the astatic 
ammeter is that whenever the top binding post of the 
magnetizing circuit is positive the top post of the cur- 
rent or measuring circuit is also positive. If it is desired 
to connect an ammeter to some circuit where there is a 
reversal of the main current at different times, it will be 
necessary to reverse the readings of the ammeter. This 


RAILWAY ELECTRICAL, ENGINEER 


Vol.-7,' Nos 13 


can be done by reversing the two leads from the shunt 
or by reversing the magnetizing leads. 

Instruments of this kind have a long indicating hand 
which is always wedged at the factory to keep it from 
swinging while in transit. The cover of the instrument 
should always be taken off before installing and the 
wedge removed. Then the current should be put on the 
magnetizing coils at which time the indicating hand 
should stand at zero. If it does not it should be straight- 
ened until it does indicate correctly. 


Troubles 


There are few troubles that ever occur with this type 
of instrument, providing the magnetizing circuit is pro- 
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Fig. 72. Diagram of Connections for an Astatic Ammeter Show- 
ing the Potential Circuit for Exciting the Magnetizing Coil. 


vided with a winding that will withstand the applied 
voltage. The one trouble that does occur is an open cir- 
cuit in the magnetizing circuit and this is corrected by 
closing it. Should there be a poor contact between the 
shunt and the leads going to the ammeter the meter will 
not indicate correctly, therefore great care should be 
always taken while installing an ammeter to make sure 
that the surfaces are smooth and clean. A meter of any 
kind should not be placed where there will be excessive 
vibration as the moving element is usually set upon a 
delicate jeweled bearing. Such vibration is not only 
liable to crack these jewels but it might throw the small 
shafts out of their settings. It would then be necessary 
to remove the cover, unloosen the bearing and replace 
the shaft in it. Great care should be taken whenever 
working on a jewel bearing not to tighten it too tight 
and crack it. If the jewel should be cracked it would 
be necessary to replace it with a new one before accurate 
readings could be obtained. 


Alternating Current Ammeters 


There are several makes of alternating current am- 
meters but the Thomson incline coil meter is one of the 
best and most used for station work. The essential part 
of this instrument is the stationary coil mounted with its 
axis at an incline and a vertical shaft or spindle carried 
on a jeweled bearing. On this shaft is a thin vane of 
iron mounted at an oblique angle to the shaft, also a 
pointer or hand which indicates the reading on the grad- 
uated scale. The spindle is also attended by a spring, its 
tension having a tendency to hold the pointer to the zero 
position. At zero the iron vane lays nearly across the 
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axis of the current carrying coil, but whenever current 
passes through the coil it tends to turn to a position 
parallel to the axis of the coil, thus swinging the pointer 
across the scale. 


Connections 


The connections of all alternating current ammeters is 
on the same principle as those of the direct current am- 
meter, however, there is another factor that limits the 
passing of the main currents through the meter when 
measuring alternating currents, and that is the voltage. 
Should a system be operating on a high potential it would 
be unsafe and unwise to run the main feeders to the 
switch-board ammeters, therefore the current trans- 
former, which was described under the head of trans- 
farmers (Lesson XIX), is used to reduce the current so 
that only a proportional part of it at low voltage is car- 
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Fig. 73. A Diagram of Connections Showing the Different 
Methods of Connecting an Alternating Current Ammeter. At the 


Left the Ammeter Is Simply Connected in Series with the Middle 
Phase of a Three Phase System While at the Right the Ammeter 
Is Shown Connected in Series with the Secondary of a Current 
Transformer and an Overload Relay Which Latter Serves to Insert 
Resistance in the Ammeter Circuit on Heavy Overloads Thus Pro- 
tecting the Meter. The Relay Is Not Necessary; It Simply Provides 
an Additional Protection. 


ried to the measuring instrument. The diagram of con- 
nections shown in Fig. 73 shows the different ways of 
connecting an alternating current ammeter. 

The diagram at the left shows the ammeter (A) con- 
nected in series with the middle lead on a three phase 
system. Whenever this connection is used the voltage 
is low, around and below 1,000 volts. The amperage in 
each of the other phases or lines would be the same pro- 
viding the system was operating on a balanced load, but 
if it were a lighting load and any one phase was un- 
balanced, that is, carrying a different amount of current 
than either of the other two phases, then it would be 
necessary to place an ammeter in series with each phase 
or line if the true amperage in each line was required. 
It is common practice and is recommended to have an 
ammeter in each line on all systems of any size, but 
usually the former installations were put in with only 
one ammeter to indicate the amperage of the line. The 
diagram at the right in Fig. 2 shows the connection where 
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a current transformer (CT) is used to reduce the cur- 
rent to a low quantity, 5 amperes is usually the full load 
amount on the secondary side of all current transformers. 
With such ammeters as would be used in a connection 
like that shown the full secondary current would cause 
a full scale deflection of the pointer and would also indi- 
cate the main line current and not the secondary current 
of the transformer, that is, the ammeter is calibrated to 
show the primary current of the main line. The other 
portion of the wiring is the relay connection which is 
provided to automatically operate the oil switch on an 
overload. The relay will be fully described later. 

Where a single phase current is used it is necessary to 
use but one ammeter under any conditions, but where a 
two phase current is used it is the practice to install one 
ameter in each phase. It would also be necessary on an 
unbalanced three phase system to have more than the one 
ammeter and current transformer. 


Recording Ammeters 


Another type of ammeter, known as the recording 
ammeter, is used for making a continuous record for 
each day, so that if desired the load carried at any par- 
ticular time may be read from the chart. This meter is 
most used in central stations for checking the loads on 
any particular feeder or machine. 

This instrument is also made portable and is made 
to operate on either alternating or direct current. The 
construction consists of a clock mechanism and the 
measuring element which is usually set on a ring stone 
and an end stone jewel so as to have as little friction as 
possible and at the same time to make sure that the pen 
is always in the correct alinement. The electrical ele- 
ment is of a solenoid type with gravity control. The 
indicating needle is rendered dead beat by an aluminum 
damping disc, which is operated from the armature shaft 
through gears so that a small movement of the armature 
operates the marking pen over a wide range. The charts 
used upon the meter are for 24 hours so that a complete 
record is made of the apparatus to which this meter is 
connected in series and the exact amount of current at 
any time of the day can easily be taken from the chart. 

These meters, like the stationary type of instruments, 
are also made so that only the current from the secondary 
of the. current transformer passes through the meter, 
but are calibrated so that the main line current is re- 
corded. Another special feature used in connection with 
some types of recording ammeters is another style of 
damping device, which is used to prevent sudden over- 
loads from throwing the recording pen off the chart, this 
being nothing more than a thin vane fastened to the 
pointer which moves through a small case filled with 
oil. Particular attention should be taken when set- 
ting the meter to loosen the movable element, place meter 
perfectly level and fill the damping device, if it has one. 

The damping device of all of the horizontal edgewise 
instruments, whether ammeters, voltmeters, frequency 
meters or power factor meters, is effected by Foucault 
(Eddy) currents, which are induced in a piece of alum- 
inum, attached to the indicating hand or pointer, as it 
swings between the astatically arranged magnets. 


Voltmeters 


There are several different methods of measuring 
voltage, namely, by spark-gaps, electro-dynamometers 
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and the voltmeter, but the latter is the most used. How- 
ever for measuring very high voltage the first two 
methods are in common use. Voltmeters are of the 
alternating and direct current types although many in- 
struments will correctly indicate on either. No distinc- 
tion will, therefore, be made in this article. The volt- 
meter resembles the ammeter in many respects, the only 
‘difference being that in many makes the voltmeter has 
an extra resistance coil in series with the movable ele- 
ment which is also of a smaller size wire. This coil or 
resistance is always enough to allow the voltmeter to be 
connected across the circuit. Certain types of meters 
have two resistance coils in series when designed for 
higher voltage and others often have an external resist- 
ance. Whenever external resistance coils are used the 
meter is calibrated with them, they are numbered the 
same as the meter and they should not be used with other 
meters unless the meter is recalibrated. There is also a 
type of voltmeter known as the differential voltmeter 
which has three leads entering it, two being positive and 
the other negative, the latter being connected to the mid- 
dle point of the coil. Meters of this type usually have 
three resistance coils, one in series with each lead enter- 
ing the meter. 

The principle employed by most voltmeters of the in- 
duction types necessitates a rotating field or a split phase, 
the magnetic flux being driven across an air space or 
gap of high reluctance. To overcome this the Interna- 
tional voltmeter was designed on a repulsion principle, 
that is, the primary which is connected across the lines 
is assembled with an inductive relation to the short- 
circuited secondary, the secondary tending to move when- 
ever potential is applied to the primary. As the flux 
has a laminated iron path, only a small amount of current 
is necessary to cause a torque as compared with meters 
having an air path, the ratio being about 2,000 to 1. 

The damping is obtained in the same manner as here- 
tofore mentioned, that is, by a vane passing between the 
poles of a permanent magnet. 


Portable Voltmeters 


The portable voltmeter like the portable ammeter 1s 
used where tt is necessary to take readings away from 
the power house or out on a pole and for checking with 
other meters. The construction is a permanent magnet 
surrounding the movable element which carries the small 
current that passes through the instrument. The uses 
in detail will be again spoken of under another head. 


Special Connections 


In large stations where the voltage of several differ- 
ent feeders or machines is wanted at intervals through- 
out the day a special voltmeter connection has been 
adopted as standard so that one meter can be used for 
taking the several readings, the connections for wiring 
are shown in Fig. 74. 

The voltmeter bus circuit (ML) is run the entire 
length of the switchboard, so that where feeders or dif- 
ferent machines make connection a tap is also made to 
the voltmeter bus, the circuits being broken by the volt- 
meter plug receptacles, as at (P). Each line is provided 
with a fuse block (F), so that in case of a short circuit 
anywhere on the voltmeter bus no damage will result. 
Whenever the voltage of any feeder is wanted a plug is 
inserted that completes the circuit as shown by dotted 
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lines at (P). This same system is used for alternating 
and direct current systems, works out nicely in actual 
practice and is well recommended. It will be remem- 
bered, however, that where any very high potential alter- 
nating current is used potential transformers must be 
used, in which case the voltmeter will only indicate a 
proportional part of the main line voltage unless it is 
calibrated to read the high tension line voltage. 


Troubles 


The two principal troubles that could occur to a volt- 
meter would be a short-circuit in the windings or an 
open circuit. The latter occurs most often, and if the 
open is found it is easily repaired unless the meter is 
burned out, in which case the coil would have to be re- 
placed and the meter recalibrated. Whenever a plug 
system is used, as shown in Fig. 74, it is always advisable 
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Fig. 74. Diagram Showing the Method of Connecting the Volt- 
meter on a Large Central Station Switchboard So That the One 
Meter Will Register the Voltage of Any Feeder Circuit Desired by 
Inserting the Voltmeter Plug in the Proper Plug Receptacle. 


to make sure that the fuse plugs between the meter and 
the feeder have not blown before attempting to take the 
meter apart and look for trouble. 

As the voltmeter is very delicate, the armature or 
movable element is easily displaced whenever there is a 
severe jar; such instruments should therefore be placed 
where there is as little jar or vibration as possible if ac- 
curate readings are desired. With good care an instru- 
ment should not require recalibrating or it should not be 
necessary to give much attention to the jewels oftener 
than once a year. 

The special uses of electric meters will be taken up in 
thé snext article 


UTILIZING SporLtep Munitions.—At the outbreak of 
the present war many manufacturers went into the muni- 
tions business without definite ideas as to the require- 
ments of this work. Consequently a large amount of 
material was spoiled or made in such a way that it would 
not pass inspection. One concern lost over 5,000 18-Ib. 
3ritish cartridge cases, but a novel use was made of these 
cases. They were placed in a punch press and smashed 
down so as to forma shallow cup. Soldered on the edges 
of this cup were two small curved holders which con- 
verted the cartridge case into a very satisfactory and 
attractive cigar and ash holder. The result was that the 
spoiled cartridge cases sold for a higher price in this 
form than they would have if sold for munition pur- 
poses.—Machinery. 


A. 


- C. Car Lighting Course 


Lesson No. 54 


The Stomeek ranklin System 


N the last two lessons we covered the theoretical opera- 

| tion and the details of construction of the Stone- 

Franklin Car Lighting System, and in this lesson and 

the next we will cover the maintenance of the equipment. 

This lesson will be devoted exclusively to the maintenance 
of the generator, including the suspension. 

From the two previous lessons it will be remembered 
that no electrically controlled regulating apparatus is used 
in connection with the equipment, and, therefore, the 
maintenance is considerably simplified. The yard elec- 
trician, however, should look out for the following im- 
portant items in connection with the maintenance of this 
equipment : 


Output Adjustment 


When the Stone-Franklin equipment is operating in 
connection with an ampere hour meter control panel, it 
will be found that by setting the output at “normal,” as 


Fig. 1. 
with Its Suspension as Applied to a Modern Steel Car. 
Tension Is Adjusted by the Hand Wheel T and When Applied New 
the Belt Should Be of Such a Length as to Pull the Generator 
Towards the Driving Pulley So That the Dynamo Suspension Pin 
A Is Inclined Two Inches Toward the Axle Pulley with Relation 
to the Top Suspension Link Pin R. The Output Indicator Is Shown 
on the Terminal Block. By Tightening the Hand Wheel T So as 
to Draw the Suspension Link to the Left, Facing the Commutator 
End of the Machine, the Output of the Generator Is Increased, the 
Amount Being Indicated on the Output Indicator Which Is 
Calibrated in Amperes. To Reduce the Output the Hand Wheel Is 
Slackened. 


View Showing a Stone-Franklin Car Lighting Generator 
The Belt 


indicated by the output indicator, the requirements of the 
car to be lighted will be taken care of. With equipments 
which do not have an ampere hour meter panel the mini- 
mum necessary output of the generator will vary accord- 
ing to the amount of lighting needed for the service in 
which the cars are working. The required minimum 
generator output under such conditions is easily deter- 
mined by volt meter and specific gravity readings taken 


at regular intervals. It would be advisable to take such 
readings as often as possible, not less than once a month, 

The output indicator, located on the front of the ma- 
chine, serves to indicate the belt tension accurately for 
any desired output. This output indicator is based on 
the principle of a spirit level and indicates primarily the 
angular position of the generator. It is calibrated into 
terms of amperes,and by referring to Fig. 1 it is evident 
that by tightening up hand wheel T the output of the 
generator is being increased and the amount is readily 
indicated. on the output indicator. To reduce the output 
of the generator, hand wheel T is slackened. Always, 
make sure that the hand wheels are securely locked. 

The ampere hour meter panel referred to above serves 
to make the generator inoperative when the necessary 
number of ampere hours have been replaced in the bat- 
tery. 

Belt 


By referring again to Fig. 1 it can be seen that two ad- 
justment brackets X are provided in the suspension link 
of the generator by which the machine can be adjusted to 
make the belt run in the center of the pulley at all times. 

With this equipment the Walker fastener is used ex- 
clusively, and it should be examined carefully to see that 
the pins passing through the links of the fastener are 
in place. If it is found that the joint is cracking, a new 
piece can be inserted in the belt, which, however, must not 
be less than one foot in length. When it is found neces- 
sary to apply a new belt, the correct length of the belt is 
indicated on an instruction card placed in the locker. If 
such information is not available, care should be taken 
that the belt is of such a length that the dynamo suspen- 
sion) pineAgeiiwe atin the linkvis Z insout ol sperpen- 
dicular with relation to the top or suspension link pin, 
inclination to be toward the driving pulley. The gene- 
rator suspension pin A is fixed in the suspension link by 
a key so that the generator swings on it, the suspension 
lug forming a large bearing for this purpose, which 
occasionally, say once every two months, should be lubri- 
cated through the hole B provided on top of the suspen- 
sion lug. 

The standard belts for the Stone-Franklin equipments 
are: 

T-35—2'4" wide, 4-ply 
T-50—4 ” “  4-ply, 


Motoring Generator 


To motor the generator follow the detailed instructions 
given on page 435 of lesson 53, in the July issue, to which 
can be added that by placing.a short 1-in. bar into hole D, 
Fig. 1, provided for this purpose, the machine can be more 
easily levered forward in order to remove belt. 


Commutator 


It is advisable to occasionally remove the commutator 
and dust cover in order to thoroughly inspect the com- 
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mutator and the pole changer. To take the dust cover 


off, remove pin from safety catch C, Fig. 1, and raise 
the fixing straps U toward the top, as shown in Fig. 3, 
after which the front dust cover is easily removed. 

It will be noticed that an adjustment can be made in 
the fixing straps by screw E, Fig. 1, which serves to 
tighten the strap on the dome as may be required. 
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visable to periodically examine all screws, bolts and nuts 
and make sure that they are tight. This applies particu- 
larly to the suspension of the generator axle and gener- 
ator pulleys. 

With such maintenance it will only be necessary to 
give the machine a complete overhauling every time the 
car goes into the shops for general overhauling. The 


Fig. 2 Figs 


Fig. 2 Shows a View of a T-35 Generator Complete as It Appears 
When Removed from Its Suspension on the Car Body. The Plug in 
the Top of the Suspension Lug Indicates Where This Bearing Is 
Lubricated. To Remove the Commutator End Dust Cover at the 
Left, Take Out the Pin from the Safety Catch C (See Fig. 1) and 
Raise the Fixing Strap U as Shown in Fig. 3. The Pulley, Which 


The commutator usually needs no attention, except an 
occasional wiping with a piece of clean waste or rag. 


Pole Changer 


Care should be taken that the adjustment of the brushes 
is not disturbed. By rotating the armature by hand the 
friction of the brushes must be sufficient to engage the 
contact arms with the small brushes, known as the ex- 


3 Fig. 4 

Is Applied on a Standard Taper Shaft, Is Removed by Taking Out 
a Split Pin and Unscrewing the Two Nuts Shown in Fig. 4. Next 
the Four Cap Screws F Are Unscrewed and the Brush Tension 
Levers Loosened So That the Armature Complete with Bearings 
and Back Head Can Be Removed As Shown in Fig. 5. With This 
Arrangement an Armature Can Be Replaced in One Minute. 


machine should then be dismantled from the car by re- 
moving suspension pin A, and care must be taken to see 
that the pin is driven out from the side on which the ad- 
justment bracket is fixed, as the key in the pin is fixed 
in the other end. 

A general view of the machine complete as removed 
from the car is shown in Fig. 2, which incidentally clearly 
shows the screw plug fitting into the oil hole at the top of 


Fig. 5 Fig. 

The Armature Complete Is Shown Removed from the Generator 
in Fig. 5, a Larger View Being Shown in Fig. 6. The Next Opera- 
tion Is to Take Off the Pulley End Dust Cap E, Fig. 6, by Loosening 
the Three Cap Screws H. After the Shaft Key Has Been Removed 
the Dust Cap Can Be Slipped Off as Shown in Fig. 7. The Bearing 


citation brushes. When the machine is inoperative the 
negative main brush must not touch the extension contact 
arms. The details of the pole changer were illustrated 
and fully described in the previous lesson. 


Ball Bearings 


As mentioned in the last lesson, each bearing is pro- 
vided with a grease lubricating cup in order that a small 
quantity of fresh grease can be supplied to the bearings 
as necessity arises, without having to remove the arma- 
ture or uncover the bearing caps. 

Although every screw in connection with the equipment 
is locked by means of lock washers or grip nuts, it is ad- 
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Lock Nut J Is Now Exposed. It Is Removed by Unscrewing the 
Set Screw | Which Binds the Lock Nut on the Threads. After the 
Set Screw Has Been Loosened the Lock Nut Can Be Unscrewed 
from the Shaft With an Ordinary Spanner Wrench Which Fits Two 
Flat Spots on the Lock Nut. 


the suspension lug provided for lubricating this bearing. 


Dismantling the Generator 


The first operation is to remove the dust cover, as 
shown in Fig. 3. This is accomplished as previously de- 
scribed under “Commutator.” 


Pulley 


The next operation is to remove the pulleys by remov- 
ing the split pin and the two nuts on the end of the shaft. 
A view of the generator with the front dust cover of the 
pulley removed is shown in Fig, 4. 

Since the pulley and shaft are in accordance with the 


August, 1916 


rule of the Train Lighting Committee of the Master Car 
Builders’ Association (see Fig. 2, page 420, of the July 
- issue), the standard pulley puller can be used if found 
necessary when removing the pulley. This pulley, how- 
ever, necessitates the use of a special type box spanner 
wrench to either secure or loosen the pulley nut and lock 
nut. 


Armature 


The armature complete, with bearings and back-head, is 
next removed by taking out the four 34” cap screws, F, 
Fig. 4, which secure the back-head to the frame of the 
generator. When these cap screws are taken out, and 
after the brush tension levers have been raised; so as to 
loosen the brushes on the commutator, the armature com- 
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able should these bearings be removed, as it will be pos- 
sible to clean and inspect them in place. The view of 
the front housing, the bearing lock nut, the bearing and 
the grease groove ring is shown in Fig. 10, and particu- 
lar attention is drawn to the two lubricating holes, P, in 
the front housing which engage with the grease groove 
in the front head so that in replacing the armature the 
location of these grease holes in the front housing is im- 
material, as they will serve in any position to admit the 
grease forced into the bearings through the grease cup. 
The armature is now dismantled as far as will ordinarily 
be necessary. 

When reassembling the machine, the ball bearing 
housings should be filled with grease. The manufactur- 
ers recommend “Special S. K. F. Ball Bearing Grease,” 


Fig. 8 Fig. 


Upon Removing the Bearing Lock Nut the Back Bearing Head 
Together with Its Bearing Can Be Removed as Shown in Fig. 8. 
Here the Bearing Is Shown Separate from the Head, but They Are 
Both Removed Together. The Next Operation Is to Remove the 
Commutator End Bearing by Unscrewing the Two Set Screws K 


plete can be easily taken out by hand, as shown in Fig. 
5. The armature complete, as it is removed from the ma- 
chine, is shown in Fig. 6. 


Pulley End Dust Cap 


The next operation is to remove the pulley end dust 
cap G, Fig. 6, by loosening the three cap screws, H. It 
will be necessary, however, to remove the shaft key 
before this cap can be slipped off of the shaft. This 
dust cap is shown removed in Fig. 7, and also the lock 
nut which locks the back pulley end bearing in place. To 
remove the back bearing head, loosen the lock nut set 
screw, I, Fig. 7, and remove the lock nut, J, with an 
ordinary spanner wrench which fits the two flat surfaces. 
After removing the lock nut the back bearing head is 
easily removed, as shown in Fig. 8. In the figure the 
bearing is shown taken out from the head, but, of course, 
the bearing and the head come off together. 


Commutator End Bearing 


The next operation is to remove the commutator end 
bearing. This is accomplished by unscrewing the two 
set screws, K, in the front housing, L, Fig. 7. With 
these sets screws removed, the housing is easily removed, 
as shown in Fig. 9. The bearing lock nut, M, is now 
exposed, which can be removed by loosening the set 
screw, N, Fig. 9. When the set screw has been un- 
screwed from the shaft with an ordinary spanner wrench 
which fits the flat surfaces cf the nut, it can be removed 
from the shaft together with the ball bearing and grease 
groove ring, as shown in Fig. 10. In regard to both 
bearings it is important that both ball bearings should be 
left permanently in position on the shaft, as their removal 
tends to impair their fit. Only when absolutely unavoid- 
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in the Front Housing L, Fig. 7.. After the Housing Is Removed as 
Shown in Fig. 9, the Bearing Lock Nut M Can Be Unscrewed After 
Loosening the Set Screw N, Fig. 9. It Is Now Possible to Remove 
Both Bearing and Grease Groove Ring as Shown in Fig. 10. The 
Hole P in the Housing Admits Grease into the Bearing. 


as particularly suitable in connection with the bearings 
on these generators. 

The maintenance of the switchboard and panel equip- 
ment connected with this system will be covered in the 
next lesson. 


Swiss Railway Electrification 


The general management and the standing committee 
of the Swiss Federal Railways have just submitted a re- 
port to the council of administration in regard to the pro- 
jected electrification of the Erstfeld-Bellinzona section of 
the St. Gothard Railway. It is first pointed out that the 
three-phase system would be unsuitable for the purpose 
in view, while the advocates of the direct-current method 
base their contention on experience with lighter trains 
and pressures far below 3,000 volts. The single-phase 
system, which is already employed on the Lotschberg 
Railway, can now be recommended for adoption without 
reserve. No other electric railway exists which can be 
placed on an equality in regard to the varied nature of 
service, the number of locomotives, length of the track 
and extent of services rendered with that of the New 
York, New Haven & Hartford. At the same time this 
railway is the first which, owing to the system used, has 
proved itself to be extensible at will and capable of being 
accommodated to all kinds of services. In.the case of the 
Lotschberg Railway, the interruptions in working were 
attributed chiefly to the difficult circumstances under 
which the electrical equipment had to be provided. The 
report also discusses the problem of uniformity in the 
form of current and periodicity, which it is sought to 
attain in the distribution of energy throughout Switzer- 
land.—Railway Gazette, London. 
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Screens for Switchboard 


The Sault Ste. Marie Bridge Company is operating 
the international bridges at Sault Ste. Marie, Mich., con- 
sisting of one stationary nine-span single track bridge 
and two movable spans across the navigable waterways. 
Both movable bridges are completely electrified, in other 
words, electric energy is used as the motive power for 
the operation and interlocking of these bridges. 

As electricity is dangerous in the hands of the average 
man and, also, because it was desired to be in phase with 
the Safety-First movement, the circuit breakers, fuses 
and other live parts of the electrical apparatus on the 
bridges are enclosed so as to guard as much as possible 
against employees coming in contact with the live wires. 
The parts are enclosed in such a way as to make them 


Fig. 1. 


View Showing the Screen Around the 
Line and the Main Circuit Breaker and Around the Resistance 
Grids. 4 


Incoming Power 


visible to the operators, which is important when a fuse 
is blown or anything else goes out of order. 

The screen around the incoming power lines or main 
entrance and the main circuit breaker is shown in Fig. 1. 
The screen is open at both ends, but is arranged’ with 
hinges so that when the circuit breaker trips, in case of 
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trouble, it may easily be opened like a door and closed 
again after the circuit breaker has been reset. 

The resistance grids, used in connection with the con- 
troller, are totally enclosed with a special screen-like box 
which is seen near the controller in Fig. 1. With this 


View Showing Application of a Screen for Isolating the 
Rear of the Switchboard. 
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arrangement it is impossible for the operator to come in 
contact with live parts. 

The main switchboard for the entire system, from 
which both bridges are operated, is shown in Fig. 2. 
Referring to this photograph it is seen that a suitable 
screen door with a lock is installed in such a way as to 
make it impossible for anybody, who has no business 
there, to go behind the switchboard, which is the most 
dangerous part. 

Screens like those described cost but little and when 
properly applied make a large part of the electrical ap- 
paratus fool-proof, which makes it possible to break in 
a man with average irtelligence to operate the bridge 
under the supervision of an electrical operating engineer. 

J. G. Koppert, 
307 South street, Sault Ste. Marie, Mich. 
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The Long Island, in the five days of heavy traffic in- 
cident to the Fourth of July holiday season, moved 
5,301 passenger trains with an average delay of 4 min- 
utes, 33 seconds. The number of passengers carried 
in this period was 1,029,721. 


The strike vote of the train and engine employees in 
-the Eight-hour Day controversy was completed on 
July 26. The general chairmen of the eastern and 
southern roads met in New York on August 1, and 
those from the western roads are scheduled to meet not 
later than August 5 to count the ballots, after which 
another conference with the National Conference Com- 
mittee of Railroads will be held, beginning August 8. 


The employees of the Pullman Car Works, Pullman, 
ll., have organized a baseball league to consist of 10 
competing teams. J. S. Runnells, president of the Pull- 
man Company, has offered a permanent cup for the 
winning team and a set of medals for the individual 
members. The company will furnish uniforms and all 
necessary incidental equipment. LeRoy Kramer, vice- 
president of the [Pullman Company, has been made 
honorary president of the league; R. Thompson is 
president, C. Swingle, vice-president; E. A. Backlin, 
secretary-treasurer. 


The Pennsylvania Pays Families of Employes in 
National Guard. é 


Distribution of the funds needed for the relief of the 
families and dependents of Pennsylvania Railroad em- 
ployees who have been called into military service on the 
Mexican border commenced on July 31. The first in- 
stallment of the relief money covered the month of July. 
Thereafter, payments will be made semi-monthly, as in 
the case of wages, and in all instances will be placed 
directly in the hands of the wife, mother or other bene- 
ficiary. This duty will be performed by employes desig- 
nated by the various superintendents. The payments will 
be made out of the fund of $100,000 set aside by the 
board of directors for this purpose. 


Bare Grounded Return Wiring Systems to be 
Investigated 


The Committee on Electrical Wiring Systems of The 
Electrical Industry has appointed the following sub- 
committee to investigate Bare Grounded Return Wir- 
ing Systems: 

Chairman, C. E. Corrigan, Associated Manufacturers 
of Electrical Supplies, Pittsburgh, Pa.; W. H. Flan- 
dreau, International Association of Municipal Elec- 
ticians,s Mt. Vernon, Noy.; J.C. Forsyth, American 
Institute of Electrical Engineers, New York, N. Y.; 
G. S. Lawler, Associated Factory Mutual Fire Insur- 
ance Companies, Boston, Mass.; C. Renshaw, Westing- 
house Electric and Manufacturing Company, East 
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Pittsburgh, Pa.; secretary, Wm. S. Boyd, Western 
Association of Electrical Inspectors, 175 W. Jackson 
Boulevard, Chicago. 

The committee desires the co-operation of the en- 
tire electrical industry in this work, and to that end 
requests that all information and data on wiring sys- 
tems having a bare grounded conductor, be sent to the 
secretary. 

The Committee will especially appreciate the fol- 
lowing information: 

(1) Safety, cost and reliability data based upon prac- 
tical experience with concentric wiring, or any other 
type of wiring having one or more bare or partially 
covered conductors which are permanently connected 
to earth; 

(2) Theoretical or tested installation details or pro- 
tective features which will safeguard concentric wiring 
or other wiring systems having bare grounded con- 
ductors ; 

(3) Reliable methods of preventing meter setters or 
linemen from reversing the polarities of a two-wire 
system ; 

(4) A suitable definition of “ground” or “earth” as 
these words relate to electric wiring ; 

(5) Practical experience with ground or earth con- 
nection ; 

(a) Whether they have been found reliable, or un- 
reliable ; 
(b) The proportion found to be unreliable, if any ; 

(6) Adequate methods of establishing and main- 
taining a reliable ground or earth connection for safety 
purposes ; 

(7) A simple method of test which will insure the 
detection of unreliable ground or earth connections ; 

(8) Economics which may be practiced with safety 
in connection with any of the existing wiring methods ; 

(9) Estimates or actual figures as to the cost of 
any protective features reported upon in response to 
the foregoing request. 


Arc Welded Machine Tools 


Machine tools produced by welding high speed steel 
tips to machine tool shanks have been found by the West- 
inghouse Electric Mfg. Company to be very satisfactory. 
Electric arc welding has enabled them to turn out tools 
more satisfactorily and cheaper than by any other process, 
a conclusion reached after exhaustive tests employing 
oxy-acetyiene and forging metals. 

For best results the current used for this work is ap- 
proximately 100 amperes and the voltage of the welding 
circuit approximately 60 to 70 volts. A 5/32 inch Nor- 
way iron electrode is used. The tools are pre-heated 
before welding, and annealed afterwards by being buried 
over night in mica dust or lime. _They are then put 
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through a process of heat treatment, which materially 
improves their cutting qualities. 

A close record has been kept of this welding work and 
which shows that electrically welded tools will actually 
produce 10 per cent. more work than solid tools, before 
regrinding is required. This is believed to be due to the 
reinforcing metal which is built out and around the tip, 
serving both to give large radiating surface and to afford 
a larger conducting path back to the butt of the tool, 
thus keeping down the temperature at the cutting edge. 
At the present time practically all the tools for the lathes 
and planers used by the Westinghouse Company are 
turned out in this manner. 


Persomals 


Cuartes B. Worticky.—In the July issue appeared a 
brief announcement saying that C. B. Woticky had been 
appointed electrical engineer of the Lehigh Valley and 
that E. J. Cartwright had been appointed assistant elec- 
trical engineer, both with offices at South Bethlehem, Pa. 
Mr. Woticky, who until recently was in the electrical 
department of the New York Central under H. A. Currie, 
received his preliminary education in the De Witt Clinton 
high school of New York City and in the College of the 
City of New York, also in New York City. Mr. Woticky 
received his technical training at Columbia University 
and was graduated from the electrical engineering course 
in 1908. He was chief operator for the General Electric 
Company plant at Schaghticoke, N. Y., and Johnsonville 
from 1908 to 1910. He then became associated with H. A. 
Currie, assistant electrical engineer of the New York 
Central, where he remained from 1910 to 1916. During 
this time he received a wide experience in electric traction, 
car lighting and general shop work. While with the New 
York Central, Mr. Woticky was also under Mr. Brett for 
two years on steel car construction and electric locomotive 
work and during part of 1911 he erected a power plant 
for the Regina Mining Company in Michigan. 

Mr. Woticky’s thesis in Columbia was on the Investi- 
gation of the Track Relay Used by the General Railway 
Signal Company for Alternating Current Signals. His 
work in connection with this thesis was done while he was 
with the New York Central and in this way he gained 
considerable experience in automatic train stop work as 
applied to steam roads and in telephone work from 
moving trains to land stations. 


Akron, O., April.—It’s an ill-wind, indeed, that hasn’t 
a silver lining, as Josh Billings would say. In this case 
the silver lining played a double header. Some two score 
years ago a young and promising Fasterner started for 
ihe Northwest, but tarried at Akron, Ohio. 

So enamored did he become with the potential seat of 
manufactured rubber culture that he besought himself a 
newspaper job then and there. It being necessary to in- 
terview a brother of no less than Frank Pixley, the now 
eminent father of drama and musical comedy, in order 
to officially affix himself in the treasurer’s good graces, 
our young Go-Wester journeyed to the aforesaid’s home. 
Mr. Pixley was ill. 

Before the interview had concluded itself, an Akron 
doctor, essaying the role of heavy villain, announced that 
the house was quarantined and that Mr. Pixley had the 
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sirailpox. Needless to state the young job aspirant re- 
mained as guest. And so in the course of time he joined 
the staff of the newspaper and was also joined in wed- 
lock to Mr. Pixley’s sister—hence the aforementioned 
double lining. 

This is the story of how Mr. E. C. Trssitrts, who on 
April 7 concluded his 19th year as the one and only 
advertising manager which the B. F. Goodrich Company 
has ever had, reached Akron. He reached the Goodrich 
factory before they’d had a chance to hang the receiver 
back on the hook after calling up his paper and inquiring, 
“Have you a bright young man whom. you could recom- 
mend to write advertisements ?”’ 


Trade Pulolications 


The Nitrolyte House Organ.—The Harter Manufac- 
turing Company, of 1132 West Austin avenue, Chicago, 
ill., has just issued the first number of its new little 
house organ, “The Nitrolyte.” This first issue is a breezy 
little number and contains many a laugh for those with 
a sense of humor and, at the same time, gives some real 
information on the Harter line of lighting fixtures. 


The Edison Storage Battery Company, Orange, N. J., 
has prepared a new booklet on its storage battery. It is 
considerably more elaborate than any issued in the past 
and is profusely illustrated and contains a simple and con- 
cise explanation of the chemical action taking place in 
the Edison battery on charge and discharge. Complete 
data on train lighting batteries which will be of interest 
to railroad officers is also given. 


A New Book, Free!—“One Hundred Condulet Sug- 
gestions” is the title of a new publication, just issued 
by the Crouse-Hinds Company, of Syracuse, New York. 
The book contains photographic reproductions of one 
hundred installations especially selected because of the 
excellent manner in which the wiring requirements of 
the different situations were met. These illustrations are 
indexed and sub-indexed in such a manner that no matter 
what form of conduit work engages the interest of an 
electrical contractor, it takes but a moment’s time for him 
to turn to the page or pages in this book showing similar 
requirements which have been met in a thoroughly sat- 
isfactory manner. Each illustration occupies the upper 
half of a separate page, the lower half being taken up with 
explanatory reading matter and page references to a 
pictorial index of Condulets, which takes up nine pages 
in the back of the book. The index contains enlarged 
views of all the condulets and condulet accessories used 
in the one hundred installations. It also gives, under 
each view, detailed information as to the page or pages 
in the book where the article is shown installed, and like- 
wise tells in what catalog or bulletin and on what page 
the condulet or accessory is listed. The book which is 
6 in. x 9 in. in size contains 112 pages. It is printed on 
good quality enamel paper and is attractively bound. The 
Crouse-Hinds Company advertises that it will send a 
copy of this truly excellent book free of charge to any- 
one who is in a position to make use of it. We suggest 
that all who are eligible to accept this offer, do so, using 
the coupon attached to the advertisement which appears 
in another part of this magazine. 
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Strike Ilastenms This Issue 


Because of the serious aspect of the impending rail- 
road strike, it was decided to get the September issue 
of the Railway Electrical Engineer in the mails before 
Labor Day, September 4. As this is a week ahead of 
our regular schedule, it was necessary to make a number 
of changes in our plans. It has been necessary to leave 
out the Shop Motor Section and the A. B. C. Car Light- 
ing Course lesson. We feel, however, that it will be 
better to get the issue in the mails before the strike and 
insure delivery even though it is necessary to do this. 


Regenerative Braking 


Regenerative or electric braking, as used on the elec- 
trified divisions of the Norfolk & Western and the 
Chicago, Milwaukee & St. Paul, is a development in 
electric traction that is in a large measure responsible 
for the successful and economical use of electric energy 
for hauling heavy trains over mountain divisions. The 
advantages of electric braking in this class of work are 
so positive and the economies effected by it so real that 
there is no doubt but what the systems chosen for future 
electrifications, especially in mountainous districts, will 
be those in which this feature is successfully embodied. 
The advantages include the factor of safety, reliability, 
Hexibility of control and simplicity of action, especially 
with long freight trains containing considerable slack, 
while the economies effected are reduced wear and tear 
on running gear and brake shoes and the fact that a 
large per cent of the power required to haul the train 
up-hill is returned to the transmission system when the 
train is going down-hill. 

As is true with most all important developments and 
improvements, especially in electrical apparatus, the 
fundamental theory and the details of operation of the 
various schemes used for regenerative braking are more 
or less mysterious to the average man. For this reason, . 
an article on “What Regenerative Braking Really Is” 
appearing in another part of this issue, is of special im- 
portance. The article will appear in two sections, the 
first, in this issue, covers direct current as used on the 
St. Paul locomotive, while the second article, which will 
appear in the October issue, will describe the details of 
regeneration with three-phase alternating current. 


Illuminating Engimeering Lece- 
ture Course 


In the fall of 1910, the Hluminating Engineering So- 
ciety, in co-operation with the Johns Hopkins University, 
held its first lecture course on the Science of Ilumina- 
tion; it is generally recognized that the proceedings con- 
taining these lectures include some of the most valuable 
information en record concerning the subject of illumi- 
nation. Now, after a period of six years, during which 
there have been many changes in methods, improvements 
in apparatus, and developments in theory, the Ilumi- 
nating Engineering Society will hold another series of 
lectures, this time at the University of Pennsylvania, 
Philadelphia, Pa. 

The course will be given immediately after the con- 
vention of the Illuminating Engineering Society, to be 
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held in the same city, and the lectures will be given in 
the Engineering building of the University. The course, 
which will cover the principles of illumination and vari- 
ous aspects of lighting practice, will include about twenty 
lectures by men selected on account of their qualifica- 
tions to deal authoritatively with the various phases of 
the subject. In connection with the lecture course there 
will be an exhibition at the University of Pennsylvania 
of recent developments in illuminating appliances to- 
gether with a novel lighting installation. There will also 
be an inspection tour of the various points of interest in 
and about Philadelphia, including manufacturing estab- 
lishments. laboratories, lighting companies and notable 
installations. In addition to the above the tuition fee 
will include a reprint of all the lectures given, which will 
undoubtedly form a valuable addition to the libraries and 
reference data of those interested in illuminating engi- 
neering. A detailed announcement of the lecture course 
appears on page 488 of this issue. It will be seen from 
the list of subjects to be covered that a large number of 
the lectures will be of special interest to railway electrical 
engineers, and it is hoped that a representative number 
of them will be present. 


Practical Stunts Competition 


Your attention is called to the Practical Stunts Com- 
petition announcement on page 441 of the August issue 
of the Railway Electrical Engineer. The announcement 
stated that for the best practical stunt article that is not 
more than 500 words in length which is received in our 
office in the Woolworth building, New York, on or be- 
fore October 1, 1916, we will give a prize of ten dollars. 
For the next best practical stunt we will give five dollars. 
Others which are accepted for publication will be paid 
for at our regular rate. - 

This competition has yet a month to run, during which 
time we hope all of our readers will contribute by send- 
ing in their ideas, with photographs and sketches if pos- 
sible. We have received a goodly number already but 
we want more. Each railroad should be well represented 
in the competition and to this end we suggest that the 
heads of the various electrical departments on the rail- 
roads call the attention of their men to the competition 
and suggest that they go after the prize. Each member 
of the electrical departments has, undoubtedly, at some 
time, developed some device or system that has been of 
material assistance to him in his work; it is a description 
of such practical stunts which have helped you that we 
want to publish for the benefit of the other boys, so send 
them along regardless of whether they were developed 
yesterday or two years ago. They may be old to you, but 
nevertheless will probably be just what someone else is 
looking for. Remember the judges will base their de- 
cision on the practical value of the device or method, so 
the more practical your stunt is the better chance it will 
have of winning the prize. 

We are hoping to get at least one practical stunt from 
each of our readers but nothing will please us more than 
to receive more than one from each. As we said in our 
first announcement, we don’t expect elaborate essays 5 
we don’t care particularly as to whether the spelling and 
grammar are correct; we want the ideas, the rest can eas- 
ily be taken care of. What will be your contribution? 
Don’t let the month go by without sending in at least one. 
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Remember that even if you don’t get one of the two 
prizes, your contributions will be paid for at our regular 
rates if accepted for publication, which they undoubtedly 
will be if practical. 


The Headlight Order 


The recent order of the Interstate Commerce Com- 
mission regarding headlights for locomotives used in 
road and yard service requires that “each locomotive 
used in road service between sunset and sunrise shall 
have a headlight which will enable persons with normal 
vision in the path of the locomotive, under normal 
weather conditions, to see a dark object the size of a 
man at a distance of 1,000 ft. or more ahead of the loco- 
motive.” The order is applicable to all steam locomotives 
put in service subsequent to October 1, 1916, and to all 
steam locomotives given general overhauling subsequent 
to October 1, 1916, and requires that all steam loco- 
motives subject to the rules be equipped in conformity 
therewith, not later than January 1, 1920. The question 
is, What kind of a headlight will meet the new specifi- 
cation? What should be its type, size and candle power? 

The choosing of a headlight that will exactly meet 
these conditions is difficult in view of the fact that the 
order is sadly indefinite. It speaks of “normal vision,” 
“normal weather conditions” and a “dark object” with- 
out giving a clear definition of either term. However, 
an article on meeting the federal headlight requirement 
published in this issue will be of material assistance in 
choosing equipment which will comply with the law. The 
article is based on all the information regarding loco- 
motive headlights that is available and in addition to a 
discussion of the problem it includes a complete bibliog- — 
raphy of articles and books on headlights which will be 
a valuable reference for those interested in the subject. 

Irom our interpretation of the commission’s order, a 
headlight with an apparent beam candlepower of approxi- 
mately 1,000,000 will be required. This opinion is based 
on the Columbus tests of the American Railway Master 
Mechanics’ Association made in 1914. At that time the 
only headlight which would give such a candlepower 
was of the arc type rated at 25 amperes 32 volts. It is 
quite possible that with the newer types of tungsten 
lamps, which give a white light, the beam candle power 
can be reduced somewhat as it has been demonstrated 
many times that the white beam produced by an in- 
candescent tungsten lamp will pick up objects much bet- 
ter than the beam from an arc headlight. 

It is interesting to note that during the Columbus tests 
it was demonstrated that a headlight with an apparent 
beam candle power of 1,000,000 increased the phantom 
lights from signals and semaphores to 33 per cent of all 
signals observed. The phantom lights began to appear 
with a beam intensity of 30,000 candle power and it seems 
that the committee is going directly against the experi- 
ence of the Master Mechanics’ committee in specifying 
conditions that require a headlight giving approximately 
1,000,000 candle power. 

The committee also failed to consider the different oper- 
ating conditions prevailing on roads in various parts of 
the country. It has been conclusively shown in many 
tests, that headlights with an apparent beam candle power 
above 3,000 are dangerous on four track systems where 
trains are passing each other every few minutes. 
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A Discussion Dealing with Incandescent Electric Equip- 
ment, and a List of Publications om Headlight Subjects 


By L. C. 


HE recent Federal legislation* requirements gov- 
. erning locomotive headlights will unquestion- 
ably start an active search for literature, and 
probably cause tests to be conducted by various rail- 

roads in the immediate future, in order to determine 
the best method of meeting the new specifications. 
_A brief outline of what has been accomplished and 

references to some of the literature already available, 
_may be of assistance in solving the problem. It is not 
the intention of the writer to enter into a discussion 
-of the merits or otherwise of the new ruling, but 
rather to describe equipment, including principles in- 
volved in its design and operation, which will comply 
with the law, and to suggest methods of test and de- 
sirable specifications for such equipment. 

The primary function of a headlight is to project 


fretlecror 


Lens 


Fig. 1—Diagram Showing Projection of Light Fig. 2—Showing 


Rays from a Point Source Through a Convex 
Lens and Parabolic Reflector. 


illumination to a distance. There are two methods of 
doing this, in common use: One by passing the light 
generated through a lens and thus concentrating the 
tays into a beam; the other by reflecting the light 
rays by use of a reflector of parabolic shape, which 
accomplishes the same result. With either equipment, 
if the light could all originate from a point source 
(a physical impossibility) located at the focal point of 
a perfect lens or reflector, the resulting beam would 
be parallel, and, neglecting atmospheric absorption, 
would reach to infinity. (See Fig. 1.) However, all 
light sources have physical dimensions, and hence the 
beam from such a source used with a projecting lens 
or reflector will have a certain amount of spread, de- 
pending on the size of the light source, the focal length 
of the projector, etc. (Fig. 2.) Its intensity is as- 
sumed to vary inversely as the square of the distance 
from the projectory. 

It is apparent from Fig. 2 that the size of the light 
source has a very material effect upon the spread of 
the beam and, therefore, also upon its intensity. For, 
assuming that we have the same volume of light to 
work with, it is obvious that if it is spread out over a 


*Railway Electrical Engineer, July, 1916, page 440. | ast 
+See Transactions of Illuminating Engineering Society, Vol. Xe UNon 
1915, p. 38: “New Developments in the Projection of Light. 
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Light from a Spherical 
Source in a Parabolic Reflector, 


“up! adark onjeer ata distance of 1,000 feet. 


Porter 


large area, as with a beam of large dispersion, the 
light intensity on this area must be lower than if all 
the light were confined to a small area by projecting 
it as a narrow beam. Thus, the source of light has 
great influence on the resultant beam. 

The most common light sources used for locomotive 
headlights are the flame of a kerosene oil lamp, the 
flame of an acetylene burner, the crater of a carbon 
arc and the filament of an incandescent lamp. Of 
these the size of the oil flame is the largest; next to 
this is the acetylene flame and then comes the arc. 
With the incandescent lamp, the size of the source 
depends upon how closely the filament is coiled. Espe- 
cially on low voltage it is possible to secure a light 
source of very small dimensions. Assuming that we 
have a light source of constant area, the greater the 


Projection of 3—Diagram Showing Amount of Light 
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Erge 
Utilized by a Short Focus and Long Focus 
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volume of light emitted by that source—or, in other 


words, the higher its candlepower—the greater will 
be the intensity of the resultant beam. 

The flame of the oil lamp is relatively of low in- 
trinsic brilliancy—approximately 9 c.p. per sq. in. 
Hence, to obtain a large volume of light from this 
source would require a very large flame, and with a 
large flame as a light source for a headlight the spread 
would be too great to obtain a powerful beam. Oil 
headlights in common service today have beam candle- 
powers in the neighborhood of, 2,000... \Thevoill lamp; 
therefore, is practically eliminated from the possibilt- 
ties of producing a beam of sufficient intensity to “pick 
The 
acetylene flame is of considerably higher brilliancy. 

There are two electrical means of meeting the re- 
quirements: the tungsten filament of a gas-filled lamp, 
operating at about 1,200 c.p. per sq. in., and the crater 
of the carbon are, operating at about 84,000 c.p. per 
sq. in. Headlights of both types are available, giving 
beam candlepowers up to 1,000,000. Either of these 
sources will produce sufficient light in a small enough 
space to be used to good advantage for powerful head- 
light service. We 

Having a certain light source to work with, the 
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resultant beam when this source is used in a projector, 
will also depend somewhat upon the size and design 
of the lens or reflector used, and also the accuracy 
with which the light source is located at the exact 
focal point. In general it might be said that a glass 
lens or a glass mirror can be ground and polished more 
accurately than a metal mirror can be spun; hence, 
where extremely powerful beams are required, such 
as in navy searchlights; or where a little “spill” or 
stray light 1s objectionable, such as in stereopticon 
work, the glass lens or mirror is usually used. For 
headlight service, however, neither extremely power- 
ful beams nor ones with no stray light are desirable. 
In fact, some stray light striking the immediate fore- 
ground is highly desirable, enabling the reading of 
mile posts, whistle signs, etc. For this reason metal 
reflectors are most common in railroad headlight serv- 
ice. These may be made of polished aluminum, hav- 
ing a reflection coefficient of about 61 per cent; or of 
brass, nickel plated, with a reflection coefficient of 
about 54 per cent; or of brass, silver plated, producing 
a surface with 86 per cent reflection. The aluminum 
reflectors have the advantage that they can be buffed 
up an indefinite number of times, whereas the plating 
on others gradually wears off with frequent polishing. 
Replating, however, is not a very serious problem, and 
many silver plated reflectors are in service. The rea- 
son for the nickel surface is that it does not corrode 
or tarnish quite so rapidly as silver. 

Headlight reflectors are parabolic in shape, but vary 
as to depth and focal length. With a given diameter 
a short focus parabola (Fig. 3,4) will utilize more of 
the total light flux from a source than a long focus para- 
bola*(Fig.3,6); 

A description of most reflectors in common locomo- 
tive headlight service, including dimensions and photos 
of the complete headlight, may be found in Circular 
N, 1913-14, report of the committee on Locomotive 
Headlights, American Railway Master Mechanics’ As- 
sociation. This report also contains a very complete 
treatise of the whole headlight situation as it was at 
that time, and gives in detail tests conducted on the 
different types of headlights then on the market. 

From Fig. 3 it can be seen that a parabolic reflector 
of short focus is desirable on account of the high per- 
centage of the light flux it will utilize. Where in- 
candescent lamps are used as a light source, care must 
be taken not to use so short a focus reflector that the 
lamp bulb will strike the reflector and prevent the fila- 
ment coming into focus. As focus-type incandescent 
lamps are generally made in round bulbs with the fila- 


ment in the center of the bulb, we can state that the 


focal length of the reflector should not be less than 
half the diameter of the lamp bulb plus a small clear- 
ance space of, say, 4 in. 

Mention was made above of the importance of 
actually locating the light source at the focal point 
of the reflector. It is equally important to retain 
it at this point, and therein the incandescent lamp is 
of great advantage. Once it is properly set in place 
it stays there without further attention, until the 
lamp fails. When a new lamp is inserted it should be 
focused, as it is impractical to make all lamps, even 
of the same type, exactly true. Another advantage of 
the incandescent light source is that it is absolutely 
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steady, and, furthermore, the headlight (except for 
very high wattage lamps) can be made dust and moist- 
ure proof, thus reducing reflector tarnish to a mini- 
mum. The question of how powerful a beam is neces- 
sary to “pick up” a dark object the size of a man at 
1,000 ft. is one which depends upon several factors; 
such, for example, as the color of the object, the con- 
trast between the object and its surroundings, the 
atmospheric conditions, the quality of the headlight 
beam, etc. As some people see better than others, any. 
observations should be made by several individuals, 
and precautions taken to insure the approximate rep- 
resentation of average visual power. 

It is a curious fact that the quality or color of the 
beam has considerable to do with the effective pick-up 
distance. In tests conducted by the Railroad Com- 
mission of Wisconsin and reported at the October, 
1912, meeting of the Western Railway Club; in tests 
conducted by the Southern Pacific and reported in the 
Journal of Electricity, Power & Gas for February 7, 
1914, and also in tests conducted by the committee 
on Locomotive Headlights for the American Railway 
Master Mechanics’ Association, reported in Circular 
N, 1913-14, it was found that for some reason or other 
it required a considerably higher beam candlepower 
where an arc headlight was used than with an incan- 
descent headlight, to pick up a man at the same dis- 
tance. A curve showing this difference was worked 
out for equivalent beam candlepowers and reported 
by the last committee in its circular W, 1914-15. 

From data that the writer has been able to collect 
regarding the Mazda lamp, it would appear that it is 
necessary to throw an intensity of from .05 to .1 foot- 
candles on a man in dark clothes, to render him visible 
at 1,000 ft. on the average railroad track. Formulas © 
and curves for the beam candlepowers necessary, of 
hoth are and incandescent headlights, to pick up men 
dressed in light, medium and dark clothes have been 
worked out and reported in a paper entitled “The 
Locomotive Headlight,” given in the Transactions of 
the Illuminating Engineering Society, Vol. IX, No. 9, 
1914, page 909. 

It was previously mentioned that the light intensity 
from a headlight varies inversely as the square of the 
distance; therefore, taking the writer’s maximum fig- 
ure of .1 foot-candle, the beam candlepower of a pro- 
jector which would deliver this intensity at 1,000 ft. 
would be .1 F.C. & (1,000)? or 100,000. A beam candle- 
power of this value is very easy to obtain with an in- 
candescent lamp. There are 6-volt 36-watt incandescent 
headlight lamps, which will more than accomplish this 
result*. These are available in 36, 72 and 108 watt 
sizes, as shown in Fig. 4. The last size is the standard 


headlight lamp at present used on the Southern Pacific. 


There are also available 30-34 volt incandescent head- 
lights of 100, 150, 250 and 750 watt capacities, Fig. 
4+. Due, however, to the higher voltage of these lamps, 
their filamerts are necessarily of finer wire and longer 
than those of the 6-volt type and, therefore, cannot be 
concentrated into so small a volume. This necessi-— 
tates using a higher wattage lamp to obtain the same 
beam candlepower that is required with the 6-volt 


*Tncandescent Headlights and Projectors,” I. E. S. Transactions, Vol. X, 
No. 3, April 30, 1915, p. 271 he beam candlepower here given is maxti- 
mum and not average across the beam. A higher wattage lamp is desirable 
to bring the average up to the 100,000 value. 
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type. Many of the 30-34 volt lamps are, however, in 
service. The beam from the 30-34 volt lamps will 
also have considerably greater spread than that of the 
6-volt lamps. A 150-watt 30-34 volt lamp will be re- 
quired to equal the beam candlepower of a 36-watt 
6-volt lamp. 

For practical purposes, it is desirable that the spread 
of the beam should be at least sufficient to cover the 
entire width of the track, as obviously a very narrow 
beam might possibly have sufficient intensity without 
illuminating the full width. It is, of course, imprac- 
ticable to provide light that would take care of all 
curves. A reasonable test would take into account 
the intensity over the full width of a single track. 
The procedure is to set up the headlight and at a dis- 
tance of not less than 100 ft. from it draw an arc 
across a diameter of the beam, having the headlight as 
its center. This arc should be marked off in feet, and 
foot-candle intensities measured across it at these 
points, by means of a portable photometer. The 
values thus obtained, if averaged and multiplied by 
the square of the distance from-the arc to the head- 
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in the case of many oil lamps. The arc mechanism or 
oil lamp can be removed from the casing and the in- 
candescent substituted. There is on the market an 
adapter, shown in Fig. 5, which can be used for this 
purpose. It consists of a Mogul socket mounted in 
such a manner as to be adjustable in three directions, 
thus allowing of accurate focusing of the lamp. The 
adapter can be easily screwed or bolted to the bottom 
of the headlight casing. 

Standard incandescent lamps are available of vari- 
ous wattages, and such lamps are interchangeable, en- 
abling a wide range of choice as to beam candlepower. 
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Fig. 4—Incandescent Lamps for Headlight Service 


light, will give the average beam candlepower of the 
headlight, and from the readings the spread can also be 
worked out. Detailed instructions for making such 
tests can be found in the Lighting Journal, Vol. 4, No. 
1, January, 1916, in an article entitled “Photometric 
Measurements of Projectors.” 

As to the source of current supply for headlights, 
both storage batteries and turbo-generator outfits are 
on the market. The latter are coming into increased 
use and are available for both 6 and 30-34 volt systems. 
The generators are of sufficient capacity to take care 
of cab and classification lamps in addition to the head- 
light, if desired. It is probable that where incan- 
descent lamps are used, the 6-volt 108-watt and the 
32-volt 250-watt lamps will be the ones most generally 
adopted, thus allowing an ample factor of safety in 
meeting the requirements of the law. 

On locomotives at present equipped with arc head- 
lights, the simplicity of control and maintenance of the 
incandescent lamp may make it desirable to replace 
the are. In such cases it will not ordinarily be necessary 
to discard the old headlight, nor will this be necessary 
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The Headlight Question 


It seems probable that the recent order of the Inter- 
state Commerce Commission regarding headlights will 
be attacked in the courts by some of the eastern roads 
having a dense traffic handled on multiple tracks un- 
der block signal protection. The order of the Com- 
mission, which was issued in June, requires that each 
locomotive “shall have a headlight which will enable 
persons with normal vision in the cab of the locomo- 
tive under normal weather conditions to see a dark 
object the size of a man for a distance of 1,000 ft. or 
more ahead of the locomotive.” (See Daily Railway 
Age Gazette, June 16, page 1358.). : ; 

The petition for the Commission to regulate head- 
lights came from the railway labor brotherhoods, The 
order sought by them was opposed by the representa- 
tives of the railways. It is a circumstance both re- 
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markable and significant that the requirement finally 
made is that which the Brotherhood of Locomotive 
Engineers decided at a convention held in May, 1915, 
to seek, and that even the verbiage of the order is 
almost the same as that used in the resolution adopted 
by the brotherhood. The Commission has_ been 
charged ever since it was organized with being sub- 
servient to the railway labor unions. Its handling of 
the headlight question will not improve its reputation 
in this respect. A committee of the American Rail- 
way Master Mechanics’ Association somewhat over a 
year ago made exhaustive tests of high-power head- 
lights.. This committee was composed of mechanical 
officers of the Pennsylvania Lines West, the New York 
Central, the Louisville & Nashville, the Chicago & 
North Western, the Chicago, Burlington & Quincy, 
the baltimore & Ohio and the Boston & Maine. High- 
power headlights are used on some of these roads but 
not on others. The committee, nevertheless, reported 
against their use on multiple track lines handling a 
dense traffic, and the Master Mechanics’ Association 
accepted its report. The ‘Interstate Commerce Com- 
mission seems to have completely ignored the action 
of the Master Mechanics’ Association. 

A large part of the railways of the United States 
have shown their belief in high-power headlights by 
voluntarily buying and using them, but it does not 
follow because many railways have done this that 
their use everywhere should be required. The physical 
and operating conditions on our railways vary enor- 
mously. There is no similarity between the conditions 
on a single track light-traffic line in a desert in Nevada 
or Arizona and those on a four or a six track line in 
New York or Pennsylvania handling a traffic perhaps 
30 or 40 times as dense. Because of these differences 
in conditions a requirement for headlights applying 
uniformly throughout the country is absurd on its 
face. In the second place, the phraseology of the Com- 
mission’s order is wholly indefinite. What is “normal 
vision”? What are “normal weather conditions”? 
What is “a dark object”? A man in a black suit is 
obviously “a dark object the size of a man.” Plainly 
also, a man in a white suit is not. But how about a 
man ina gray suit? Are weather conditions normal 
both when there is bright moonlight and when there is 
no. moonlight? When it has been determined, if it 
ever shall be, what are .“normal vision,’ “normal 
weather conditions” and “a dark object the size of a 
man” it will still be a question as to exactly what kind 
of a headlight will meet the requirement. = 

Probably the Interstate Commerce Commission 
ought to adopt some form of regulation for headlights, 
but its requirements ought to recognize varying condi- 
tions, they ought to be clear and definite, and they 
ought not to ignore the results of the investigations 
of the leading railway mechanical experts of the coun- 
try. The Commission in dealing with questions of 
safety will always have to rely, to a considerable ex- 


tent, on the judgment of its subordinate boards, and 


it is extremely unfortunate that its boards which have 
to do with such matters have been constituted so 
largely of men whose point of view is that of the rail- 
way labor brotherhoods’. The point of view of the labor 
brotherhood is not necessarily either that of the mechani- 
cal expert or that of the public—Railway Age Gazette. 
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URING the past few months reference has been 
made many times in the railroad world to regen- 
eration as applied to electric locomotives. It has 

been a much talked of subject in both the electrical and 
railroad fields, due to the fact that this feature is embodied 
in the electric locomotives operating on the Norfolk & 
Western over the Bluefield-Vivian division, and also in 
the locomotives used on the new Chicago, Milwaukee & 
St. Paul electrification. Before describing the details of 
regeneration and how it is accomplished, and in order 
better to appreciate what it means, a short description of 
the operating conditions on the Norfolk & Western may 
not be amiss. 


The Norfolk & Western 


The profile of the electrified portion of the road is 
shown by Fig. 1. Commencing at East Vivian for 5% 
miles the average grade is .7 of 1 per cent; for the next 
5% miles, the average grade is 1.13 per cent with a maxi- 
mum of 114 per cent; for the next 4 miles, the average 
grade is 1.66 with a maximum of 2 per cent, the highest 
point of the line being at Coaldale and the heaviest grade 


Av 018% 


AY 
Av GIG Se, Maxlte% 


Av.0.229% 
Max.2.36 % é 


/ar.0 380% 


3 role 
i 


flat Tap ey 


Av. 166% 
(1ax2.00 % 


Av tlI% 
Pax! 50% 


Av 070% 
10x 0.98% 


330 West S85: 777 STS 
EVinan  Eekman ForkJe.Porhatan Ennis Coaldale Cooper 


Fig. 1—Profile of the Norfolk & Western Electrified Division 


through the Elkhorn tunnel. From the tunnel to Blue- 
field the grade is much less with the exception of a short 
grade just outside of Bluefield where the average is 1.18 
per cent for approximately 3 miles. 

The freight handled is practically all coal, collected from 
the large number of coal mines in the vicinity of Vivian 
and between that point and Columbus; so that the load 
is practically all one way against the grade, and therefore 
extremely heavy drafts of power are required from the 
power-house. The trains are made up on an average of 
45 cars, totaling 3,250 tons, exclusive of the locomotive. 
The empties are made up into long trains so that when 
descending the grade from Coaldale considerable experi- 
ence and skill are necessary to take them down safely 
and intact, with the use of air-brakes. 


Available Energy on Grades 


Considerable energy is available (expressed in foot- 
pounds or horsepower) on the down grade. For instance, 
with the 3,250-ton train down the 2.36 per cent grade 
between Coaldale and Cooper, the horsepower available 
can be calculated as follows: For each 1 per cent grade, 
the downpull along the grade is 20 lb. per ton (law of 
physics), so that on the 2.36 per cent grade there will be 
47.2 lb. per ton minus the friction of the train, which we 
will assume as 7 lb. per ton. There is then a net amount 
of 40.2 lb. per ton, which, with a 3,520-ton train, made 
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up of 3,250 tons trailing load and a 270-ton locomotive, 
gives 141,504 lb. The speed in feet per minute at 14 
miles per hour is 1,232, so that the horsepower which is 
to be dissipated at the brakeshoes as heat or which is 
available for regeneration, is: 

141,504 6232 = 33,000 = 5,285 | 1orsepow er, 


Regeneration 


Regeneration is then the taking of the energy or power 
available on account of the train. descending a grade and 
which nominally is dissipated’as heat at the brakeshoes, 
and returning this power to the electrical conductor as 
electrical energy which helps ‘to supply power to some 
other train operating against a grade, thus requiring less 
power from the main power station than would be re- 
quired without regeneration. Returning electric power to 
the conductor or line, as we term it, means that electric 
power is actually generated on the locomotive and the 
horsepower developed on the down grade is converted 
into watts. 

If electric power is shut off from the overhead wire 
the locomotive is, for the time being, turned into a 
moving generating station. The generation of electricity 
goes on whether the turning of the wheels is effected by 
an outside steam engine, as at the powerhouse, by the 
movement of a turbine, or by the drivers being turned 
by the engine and train rolling down the grade, but in 
any case fhis turning of the whe requires the Heplication 
of some form of force. 

The term “watt” is the electrical unit, and 746 of these 
watts equal one horsepower. We know that power is 
required to generate electricity and that for every 746 
watts one horsepower is required if the efficiency of the 
machine is disregarded, so that the greater the electrical 
energy, the greater the horsepower canted We have 
seen that regeneration is the converting of the energy of 
the train descending the grade represented by horse- 
power into electrical power or watts, so that by providing 
a method for controlling the amount of electrical power 
returned, this electrical power can be kept constant or can 
be varied to suit the grade which the train is descending. 
The amount of energy or horsepower available for re- 
generation (within limits) is such that the speed of the 
train down the grade is under perfect control without the 
use of the air-brakes, they being held in reserve for emer- 
gency and for stopping of the train. 


Three Phase Motors 


The logical procedure is to make use of the electric 
motors, which normally supply the motive power for the 
propulsion of the train, for generating the electric current 
to be put into the line, and this is exactly what is done. 
The motors are connected to the locomotive axles 
by gearing, side rods, or a combination of both, so that 
these motors revolve at all times with the revolution of 
the drivers. Just how the motors are turned into gen- 
erators, and how it is possible to return power to the 
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overhead line, and what takes place in the motor, are 
extremely interesting matters. Take, for example, the 
Norfolk & Western locomotives, which are of the split- 
phase type. With these locomotives, advantage is taken 
of the 2.36 per cent grade from Coaldale to Cooper, and 
at this point the pusher locomotive, which has been be- 
hind the 3,250-ton train while running up the grade from 
Vivian, is cut off and the train is handled down the grade 
and from this point east with one locomotive. Moreover, 
the whole train is handled down this grade by regenera- 
tion. The simplicity of the control and the ease with 
which the train changes from running to regeneration 
and again at the bottom of the grade from regeneration 
to running is remarkable and it is all the more wonderful 
when one realizes that this cycle of operation takes place 
with the least possible shock to the train and to the rear 
end. 

Referring to the profile, it will be seen that there 1s a 
considerable change in grade at Coaldale—a change from 
114 per cent up to over 2.3 per cent down. As the train 
comes over the top of the hill and a few cars have passed 
beyond the crest, the engineman shuts off the master con- 
troller, changes over to the regeneration position by a 
simple movement of a handle and then by bringing the 
master controller on again the locomotive begins to re- 
generate and picks up car by car as each comes over the 
crown and begins to descend the 2.3 per cent grade. The 
change is equally simple at the bottom of the grade when 
the locomotive reaches the dip, and after a few cars have 
passed the under-dip the master controller is again 
thrown off, the locomotive changed back to the running 
position and the master controller is again thrown on, 
the locomotive picking up the train; the slack is pulled 
out a car at a time so that no shock is experienced at the 
rear end. All of these operations are done with the train 
maintaining a speed of approximately 14 miles an hour. 

In order to understand what is happening, it may be 
well to consider the fundamental principles of the elec- 
tric motor. Although, in general, regeneration is the same 
for all systems in that it provides a means for retardation 
of the train and for returning of power to the overhead 
line, still there is some difference, and the subject should 
be considered under two heads. These are discussed 
therefore separately and the first concerns regeneration 
with direct current and single-phase series variable speed 
motors, while the second concerns the three-phase or con- 
stant speed motors. 

Regeneration with Series Motors 

In dealing with direct-current and single-phase series 
motors, we may say that the motors used on these two 
systems are of the series-commutating type, this type of 
motor having the proper characteristics for general rail- 
way work. The series motor gets its name from the 
arrangement of connections between the armature and 
the field, these two parts of the motor being connected in 
series, so that the same current which flows through the 
armature also passes through the field coils. The connec- 
tions are shown by Fig. 2A. Since the same current 
passes through both the field and the armature, the 
strength of the field varies with the armature oar load cur- 
rent, which affects both the speed and the torque of the 
motor. This torque is represented by the product of the 
field strength multiplied by the current flowing through 
the armature, so that the pull increases rapidly with the 


HLECTRIGAL. ENGINEER 


Vol, 7, No. 16 


increase in current which results when the speed is de- 
creased. 

In order to regenerate on either of these two systems, 
the voltage generated by the motors (which is analogous 
to pressure in a water pipe) must be greater than the 
voltage or pressure on the electrical conductor, and this 
pressure generated must be under control. The condi- 
tions to be met are similar to the case of a water pipe 
under, say, 100 lb. pressure. In order to force water 
into this pipe at 100 lb. pressure, a greater pressure 
must be used to overcome the pressure in the pipe. The 
motors must therefore become, for the time being, elec- 
tric generators. Generators are based upon the discovery 
by Faraday, in 1831, that an electric current and voltage 
are generated in conductors by moving them in a mag- 
netic field. Moving the conductor in a magnetic field 
causes the conductor to cut what is known as “lines of 
force’ and the voltage obtained depends upon the num- 
ber of these lines of force cut in a given time. It is seen 
then that the stronger the field—that is, the more the lines 
of force—the higher will be the voltage at the same rate 
of cutting, or with the same lines of force if the rate of 
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Fig. 2—Simple Wiring Diagram of a Direct Current Series Motor 
and a Direct Current Shunt Generator 


cutting be increased the voltage will also be greater. This 
point is here referred to to make clear the arrangement 
followed on these systems of regeneration. 


Connections 


In the case of the motors, the armatures are driven 
by gearing or side-rods or both, and we have a magnetic 
field which can be produced by current flowing through 
the field coils mounted on the pole pieces. It is then only 
a question of combining and controlling these features to 
obtain a generator. It would be impossible to regenerate 
with the armature and field of the motor connected in 
series, as this is the connection for a series generator, and 
the operation of a series generator on a constant potential 
circuit is a problem which has not yet been successfully 
solved. The change in connections is shown by Fig. 2B, 
the field being disconnected from the armature and 
separately excited from some auxiliary power. Instead 
of the series generator, we now have a shunt generator, 
and by adjusting the amount of current flowing through 
the separately excited field which determines the strength 
of the field with its lines of force, sufficient voltage can 
be generated in the armature (A) to force currents back 
into the line against the line voltage. 

The connections and arrangement of circuits differ in 
the case of the direct current and alternating current 
locomotives suitable for regeneration so that each system 
will be considered separately. 


Direct Current Motors 


In direct current operation the field can be excited from 
a separate source of power such as a storage battery, but 
better, from a motor-generator set. The motor-generator 
set would probably consist of two machines coupled to- 
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gether, one of which is a motor and the other a generator. 
The motor would be connected to the line voltage, or, as 
we would say, the trolley wire, and would run probably 

all the time either with the locomotive hauling or re- 
generating. The generator would supply the proper 
amount of current for exciting the field of the motors 
when in the regenerating position. If four or more 
motors are mounted on the locomotives, a wide variation 
of speed during regeneration can be obtained by com- 
bining the motors in the parallel and series combination. 
During acceleration of the locomotive the motors are 
operated in combination, starting, say, in the case of the 
four-motor equipment, with the four motors in series, 
then transferring to two motors in parallel, and two of 
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Fig. 3—Simple Diagram of Connections for Direct Current Re- 
generation with a 4-Motor Locomotive 


these parallel sets in series, and finally, to the four motors 
in parallel. Three running speeds are thus possible with 
these combinations, say, 8 miles an hour with the four 
motors in series, 16 miles an hour with the second 
arrangement, and 32 miles an hour with the four motors 
in parallel. These combinations work equally well in the 
reverse direction when regenerating. 

At the highest speed, say, 32 miles an hour, if regen- 
eration is commenced, the motors will be used as four 
in parallel, and as the train speed decreases, at a speed 
as outlined below, the combination would be changed over 
into two in parallel and two sets in series, and with the 
further reduction of speed, the motors would be connected 
four in series. The reason for changing the combination 
is apparent from the following: As the train is reducing 
in speed the control must be such that more current is 
passed through the fields of the motors which are generat- 
ing so as to keep the voltage up above the line voltage. 
As a certain number of lines of force must be cut during 
a certain time to give the voltage necessary, and since the 
reduction in speed cuts down the rate, it 1s necessary to 
increase the number of these. lines of force so that the 
total number of lines cut will remain the same. Of 
course, there is a limit to the lowest speed below which 
point it is not possible to keep up the field strength, hence 
the voltage would decrease below the line voltage and 
regeneration would stop unless the motors were put into 
the second combination. With the second combination 
we have two motors in series, the voltage of each motor 
being added together to force current against the line 
voltage. In the last arrangement (four motors in series), 
there are four motors. whose voltages are added together 
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to oppose the line voltage. The operation of the motors 
connected in series to give the proper voltage is analo- 
gous to a double-acting pump or compressor where the 
air pressure or water pressure obtained from the first 
piston passes into a high pressure cylinder, where it is 
increased to a much higher pressure by the movement 
of the second piston. It is not possible to carry this 
regeneration down to zero speed and air-brakes are re- 
quired to complete the stop. 


Electric Braking on the St. Paul 


The electric locomotives recently built for the Chicago, 
Milwaukee & St. Paul are direct-current locomotives suit- 
able for regeneration. These locomotives have an ar- 
rangement similar to that outlined above, using a motor- 
generator set to separately excite the fields; with these 
locomotives regeneration is obtained from 25 miles an 
hour to 7 miles an hour, at which speed brakes must be 
applied to bring the train to-a stop. 

Fig. 3 shows the diagrammatic view of connections for 
the d.c. regeneration. This diagram shows a 4-motor loco- 
motive of the geared type; the gears are represented by 
G, pinions by P, and armatures by A. The motor- 
generator set is represented by J/ for the motor and 
D for the generator, and it may be noted that the cur- 
rent from the generator is fed to each of the fields of the 
motors represented by F. The arrows indicate the 
direction in the flow of the current generated by the mo- 
tors which passes up through the trolley and hence to 
the overhead wire W. It should be understood that 
these circuits are all made or broken by switches and the 
arrangement is such that they are under perfect control 
of the engineman so as to enable him properly to handle 
regeneration under different speeds and on different 
grades, as explained above. 

Regeneration must not be confused with what is known 
as “dynamic braking’’—with direct-current equipments of 
small sizes. If two series motors with fields reversed are 
connected together on themselves, either directly or 
through resistance, one of these motors will pick up as a 
generator, the other as a motor running backwards, and 
the car will be brought to a standstill. The voltages gen- 
erated in this way are very low, since the resistance of 
the circuits is very low and, moreover, the current cir- 
culates between these two motors and does not in any 
way return to the power supply, as with this arrangement 
there are no connections to the line or trolley wire. With 
regeneration proper the energy of the moving train which 
would otherwise cause it to “run away” on a steep down 
gerade is changed into electric energy and given back to 
the overhead wire and to the power-house. It is new 
energy developed by the moving train going down hill. 

The principles involved in regeneration with three- 
phase alternating-current locomotives will be discussed in 
a future article. 


Locomotive Crane Trolley 


One of the largest alternating current cranes ever in- 
stalled for handling locomotives has been furnished re- 
cently by the Whiting Foundry Equipment Company, 
Harvey, Ill., to the Seaboard Air Line for the new shops 
at Portsmouth, Va. The crane is of 160 tons capacity 
with two 80-ton trolleys, one of which is equipped with a 
10-ton auxiliary hoist. 


We 


HEN constructing foundations for electrical and 
all other machinery which requires anchor bolts, 
templets should be made whereby the bolts can 

accurately be located in the foundation. These templets 
are ordinarily constructed of 7% in. clear grained white 
pine stock, 4 in. to 6 in. wide. Yellow pine can be used 
instead, and it makes a good, though heavy templet. 
Templets of structural steel sections have been used in 
certain cases where the same templet is applied over and 


over again, but their cost is too great to permit their use. 
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Fig. 1—A Nine-Bolt Templet. 


for ordinary foundation work. Some relatively simple 
templets, which will indicate how more complicated ones 
can be made, are illustrated and described in the follow- 
ing paragraphs: 

A 9-bolt templet for an electric motor or generator is 
shown in Fig. 1. The stock from which this is made is 
7% in. x 4 in. yellow pine, and a hole is bored through the 
templet for each anchor bolt. Each strip of the templet 
is made somewhat longer than would be necessary, mere- 
ly to carry the bolts. This extra length is provided in 
each case so that the templet can be securely supported. 
The extending ends, when the templet is in position over 
the foundation, rest on battens prepared for the purpose, 
or on the form, if the foundation is to be of concrete and 
a form is required. 

A 6-bolt templet for a self-contained generating unit 
is shown in Fig. 2. The holes through the templet for 
the anchor bolts should be from 1/32 in. to 1/16 in. 
larger in diameter than the bolts that they are to ac- 
commodate, to provide for clearance and for the un- 
avoidable warping of the wood. The three cross pieces 
are of % in. x 6 in. stock and are 6 ft. O in. long. The 
battens are of the same size stock, but are 9 ft. 8 in. long. 
The lengths of both the cross pieces and the battens were 
determined by the length and width of the foundation, 
since both the cross pieces and the battens must extend 
beyond the foundation and across the supports which are 
to carry them. 

The templet for the anchor bolts of any foundation 
should be accurately located over the foundation, because 
its position will, obviously, determine the positions of the 
foundation bolts in the foundation. The templet should 
be thus disposed and supported, as will be described be- 
low, before the anchor bolts are placed in the templet and 
before any concrete is poured in the foundation excava- 
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tion. Usually the templet should be so located that it 
will (1) lie at some certain elevation, and (2) rest in 
some certain relation with some other machine, line shaft, 
or other part of the structure. 

Where the machine or prime mover, which will ulti- 
mately be located on the foundation, is to be driven from 
or to be driven by a line shaft, it is obvious that then the 
templet for the new machine must be located in a defi- 
nite relation to the line shaft. A similar condition occurs 
where one machine or device is to be driven by another. 

The drawings, which. should be furnished for every 
foundation installation of any consequence, will usually 
indicate precisely how the templet should be located. 
Where a transit is available,:it should be used in pro- 
jecting the center lines whereby the location of the temp- 
let is fixed. This instrument can also be used as a level 
for determining the proper elevation of the templet. If 
no transit is available, satisfactory results may, as a rule, 
be obtained by using tape line and carpenter’s level; but 
the work can, ordinarily, be done much more rapidly with 
a transit. 

After the installer has determined accurately the cen- 
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ter lines and the elevation for the templet by following 
the procedure suggested above, he should then firmly 
fasten the templet in this position. Where the foundation 
is to be of concrete and forms have been provided for it, 
the templet can usually be nailed to the forms in such a 
way that it will be restrained from the moving. Where 
forms have not been provided, the templet can then be 
supported on stakes driven into the earth at suitable lo- 
cations. Every precaution should be taken to prevent 
the shifting of the templet as a whole, or of any part 
thereof, while the foundation is being constructed. 
Usually the concrete handlers have little respect for the 
templet, and hence will often strike it severe blows with 
the wheelbarrows, or with charges of concrete, which are 
being dumped into the foundation excavation. 

Where columns or walls are adjacent to the foundation 
location, it is always advisable to install timber struts or 
braces from the templet to these members as a precau- 
tionary measure. The braces should be firmly nailed to 
the templet and also tied to the building members with 
wood or metal yokes or by some similar method. 
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Calculations in Car Lighting Systen 


By W. lL. Bliss* 


HE following article has been prepared for the pur- 
pose of making clear to those interested in electrical 
problems in general and in car lighting problems in 

particular, some of the phenomena that occur in con- 
nection with the use of generators and storage batteries, 
due to the varying electromotive forces of such genera- 
tors and batteries and the varying loads that may be 
connected to them. In car lighting work especially, some 
of these phenomena are little understood or appreciated. 

We are all familiar with the fact that in a car lighting 
system the generator comes up to speed and voltage, the 
automatic switch closes, the generator speed and voltage 
increase, the battery begins to charge, and the lamps are 
furnished current from the generator. Then, when the 
train slows down, all of these actions reverse, and the 
storage battery is eventually called upon to discharge and 
light the lamps, whereas just previously it had been 
receiving a charge. The atuttomatic switch is compelled 
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A Schematic Diagram Representing an Axle Car Lighting 


to open through the reverse action of the current flow- 
ing through its coils, and while it is apparent to any ob- 
server that these phenomena are the result of certain 
established conditions, it is not perfectly clear as to just 
what the relation between the various electro motive 
forces, currents and resistances happen to be. We are 
also familiar with the fact that when a storage battery 
has become fully charged, the generator voltage may be 
reduced to a point where the storage battery just floats. 
This phenomenon has become one of great interest and 
importance in connection with the recent development 
and extension of the use of the ampere hour meter. 

This article is intended to explain from a theoretical 
standpoint why it is that these various phenomena occur 
and why slight changes in the values of the quantities 
assumed produce comparatively great variations, both in 
magnitude and direction, in the resulting current. 


Fundamental Principles 


The explanation takes the form of an elaboration of 
Ohm’s law and an application of the laws enunciated by 
Kirschoff. “Those who have followed the lessons in 
elementary algebra will have no difficulty in following 
and understanding this discussion. The schematic dia- 
gram in Fig. 1 represents an axle system of electric car 
lighting. G is the generator, B the storage battery and 
L the load. The familiar automatic switch is represented 
by A, and is supposed to be closed. The load L is com- 
posed of lamps, and all circuits connected across the 
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mains such as the generator field circuit, the lifting coil 
circuit of the automatic switch, the voltage coil of the 
generator regulator and the voltage coil of the lamp reg- 
ulator. The lamps, if all were turned on, would, ordi- 
narily, consume many times the current of all the other 
circuits connected across the mains, and their number 
and the current they consume may be varied at will. The 
resistance of certain of the other circuits will vary, such 
as the resistance of the field circuit of the generator, due 
to variations in pressure on the carbon pile, etc., but there 
is always one equivalent resistance for all the circuits in 
parallel across the mains and this we have represented 
by the general load L. Each of the three elements, 
G, B and L, possesses resistance and in addition the 
generator and battery possess electromotive forces or 
voltages. Therefore let ; 


E, = generator voltage 
¥, — generator resistance 
E, = battery voltage 

Ye == battery resistance 
ys = load resistance 

C, = generator current 
C, = battery current 
C,== loadvenrrear 


We may assume that the first five quantities of voltage 
and resistance are known and that at any moment wider 
consideration they are constant. The problem is to 
determine the value and sign of the three resulting 
currents. 

Assume that currents flowing around the circuits in a 
clockwise direction are positive and vice versa. Accord- 
ing to Kirschoff’s first law the algebraic sum of the cur- 
rents meeting at any point is zero. Let that point be P. 
Assume that the generator current C, is flowing clock- 
wise and is positive, that the battery current €, is flow- 
ing clockwise (discharging) and is positive and that the 
load current C, is flowing counter-clockwise and is nega- 
tive. These currents meet at the point P and _ their 
algebraic sum is zero. 

This is expressed thus, 

C,+ GC Tae 

or ee C, 
This gives us one equatenn 

According to Kirschoft’s second law the algebraic sum 
of the electromotive forces in any circuit is zero. That 
is to say, the C y drops are algebraically equal to the 
live e.m.f’s. 

Take the circuit of the generator through the load 
alone, and we have 

Peta ©, yt Gy ees sk ee (2) 
which means that the e.m.f. of the generator is just 
consumed in sending the generator current C, through 
the generator resistance y, and the load current C.,, 
through the load resistance ys. 

Similarly taking the circuit through the battery and 
load alone, we have: 

Be tax. Core Ce yao eee ee (3) 
and a similar explanation obtains. 

We now. have three equations and three unknown 
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quantities C,, C,, and C,, and the solution of these equa- 
tions will give the values of Gea eand C, in terms of 
theve.mit s ae resistances of the three circuits. 

The solution is left to the reader for practice. It 1s 
simple but somewhat tedious and the results are as 
follows: 


C= = SS east (4) 
Yi Yo - Yves 

Boy!) Eeys es. Ys . 

C, = oes (3) 
V1 Yo 4 Ya ¥e Sia Wa Ws 

1 v2 + Ee 

Cotas —————  ......... (0) 


Yr WE Se VA a3 = Yo ¥ 


It will be observed that each of the above fractions has 
the same denominator, and that if the numerators of (4), 
and (5), be added together the sum will equal the 
numerator of (6), which agrees with equation (1). 

It is interesting and instructive to note that, in the 
case of the load current C,, the numerator contains no 
negative sign and therefore no matter what may be the 
values of E, and E, and y,, y,, and y;, the numerator 
will always be positive and therefore the sign of C, will 
never change. This agrees with experience as it is well 
known that the direction of the current through the load 
never changes. 

The cases of the generator and battery currents are 
very different. Take the battery current first. The third 
term of the numerator is negative. Hence if E,, y, which 
is the product of the generator current and the load: re- 
sistance is less than E, y, + E, y, the numerator will 
be positive and the sign of C, will be positive and the 
battery current will flow clockwise or be positive and 
the battery will be discharging. If, however, E, y, is 
greater than FE, y, + E, y, the sign of the numerator 
will be negative, the battery current will be negative and 
the battery will be charging. This agrees with experi- 
ence as we know the battery may deliver full current on 
discharge or receive full current on charge and no check 
is placed upon the freedom given the battery to change 
from charge to discharge and vice versa, depending upon 
the relation of EVjab., yas ys anda) We all: knowele 


changes with speed and field strength and E, changes 
with the physico-chemical condition of the battery. 


There is a slight change in y, as the generator tempera- 
ture increases but it becomes fairly constant and may be 
assumed as such. There is a charge in y, as the gravity 
of the electrolytic varies and as other charges in the cells 
occur. Changes in y, occur whenever the number of 
lamps is changed or whenever a charge in resistance of 
any shunt circuit occurs, such as the field circuit con- 
taining a carbon pile rheostat. These are the two and 
only two conditions that determine whether the battery 
shall discharge or charge. And lastly if E, y, is just 
equal to E, y, + E, y, the numerator is zero, the bat- 
tery current is zero and the battery floats. This is the 
only condition that determines whether or not a battery 
will float across the line. 

Consider the generator current C,. If E, y, be less 
than E, yo + E, y, the numerator is positive, the cur- 
rent 1s positive ve the generator is delivering current. 
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If E, ys is.greater than’ FE, y, +: yeethten- die mae 
merator is negative, the current is negative and current 
is flowing back through the generator, driving it as a 
motor. This last condition is undesirable and a check 
is put upon it in the form of an automatic switch, that 
will either prevent any or only a small current to flow 
negatively through the generator. And as long as equa- 
tion (4), (5) and (6) remain true, the necessity for an 
automatic switch or its equivalent in every axle system 
of electric lighting will exist. 


Numerical Hxamples 


A few numerical examples will serve to illustrate the 
foregoing remarks. Although the values assumed below 
are all reasonable and may be encountered in practice, it 
should be remembered that they represent a certain as- 
sumed condition and do not necessarily hold true for all 
conditions. In working out a practical example the 
proper values of generator voltage, generator resistance, 
battery voltage, battery resistance, load resistances, etc., 
must either be determined experimentally, chosen arbi- 
trarily or assumed to suit the conditions in question. It 
is understood, therefore, that the values of floating gen- 
erator voltage, the generator voltage required to kick 
out automatic switch, ete., which are calculated below, 
are true oniy for the conditions herewith assumed. 


Assume the generator voltage E, = 35 volts 
Assume the generator resistance y, = .1 ohm 
Assume the battery voltage Ey ==302 avoir 
Assume the battery resistance y, = .05 ohms 
Assume the load resistance ¥;_ = aigonm 


Substituting these values in equations (4) (5) ard G6) 
we get 


(35 005) 5) — eee 
(13x 05) 4 Dexa '(eG5 eis) 


That is, the generator delivers 30.6 amperes. 
(32% bp (32 1) — (Saex 19 

C, = ——_—__—____—__________ = 1.29 amperes 
(1X 05) + (1X1) + (.08 X 1) 

That is, the battery is discharging 1.29 amperes. 


(35. 05) (32 X1) 


C= 


= 30.6 amperes 


C= 


(1X 05) + ¢.1 1) + (05 &-1) 
That is, the load is 31.9 amperes. 

These results check very closely, for adding the gen- 
erator and battery currents together we get 31.89, which 
is the load current. Under these conditions, the gen- 
erator is carrying the load but not charging the battery. 
To cause the generator to charge the battery as well as 
carry the load, a change is necessary that will make the 
value of C, negative. In other words FE, y, must be greater 
than E, y, + E, y,. Suppose the generator is speeded 
up so that its voltage = 37 volts. 

Substituting this new value for E, we get 


(37.56,05) 87 SOME (32565 


== 31.9 amperes 


C= — = 44.19 amperes 

155 
(32% TL) ae (32 Ka (37K 1) 

C, = ———_— — — 11.60 amperes 

Alsi, 
(3/%1,05) “a3. <1) 

C, = —_—___—_—_—_—__—— = 32.59 amperes 

135 


The generator now puts out 44.19 amperes and the 


. 


that it does not involve y, the battery resistance. 
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battery is being charged with 11.60 amperes and the load 
is 32.59 amperes. The sum of the charging current and 
load current is exactly equal to the generator current. 
Thus, it will be seen that when the generator voltage is 
increased 2 volts from 35 to 37 to produce a charging 
current of 11.60 amperes, the load current also increases 
from 31.9 to 32.59 amperes and since the resistance of the 
load is 1 ohm the load voltage rises only .69 volt from 
SiN) 1632.99. This)explains why it is that quite a 
moderate increase in charging current may be forced into 
the battery by raising the generator voltage and yet the 
lamp voltage increases very little. 


Battery Floating Conditions 


Let us now examine the condition under which the 
battery will just float. This means that C, = O or that 
E, ys must just equal E, y, + E, y,. Putting this in the 
form of an equation we get 

FE, ys = E.y1 + Enys 
Solving for E, we get as the critical value for generator 
voltage, 


Eo yi + Ee v3 
== wa 
. Y3 
This equation is particularly interesting as it is seen 


Indeed, 
this is as it should be, for if no current is to flow through 
the battery, it makes no difference whether the resistance 
of the battery is zero or infinity and therefore opening 
and closing a battery switch under floating conditions 
does not in the least disturb or affect the equilibrium of 
the system. 

Substituting our original values we get 
eos ly) oe (32x 1) 
E, = ——_—__—_———— = 35.2 Volts 

1 

Therefore, when the. generator voltage is 35.2 and the 
battery voltage 32, the battery current is zero and the 
battery floats. To prove the battery current is zero sub- 
stitute for E, the value 35.2 in equation (5) and we get 
(a2 eh) a8 32. 1) —-(35.2 %1) 


hae og 


Cis a 

F155 

Again it is interesting to determine under what con- 

ditions the battery will float and at the same time have 

the voltage of the battery equal to the voltage of the 

generator. Taking our equation for generator valtage, 
E, y, + Es ys 


eel = 


¥3 4 
fet us make E, = E, by substituting E, for E,, thus, 


FE, y1 + Ee ¥s 
Ek, =— ——— 
. . . . Ys 
dividing by E, and transposing we get 
Y1+ Ys 
2° Ser 


The left hand member of this equation can equal unity 
under either of two conditions; first when y, = O or 
second when y, is very great compared with y,. This 
means that the resistance of the generator must be zero 
or very small indeed, or the load resistance must be 
infinite or very high, for the battery to float with its 
voltage just equal to that of the generator. It might be 
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asked: Will not the battery float when its voltage is 
exactly equal to that of the generator? The answer ts 
Yes, provided there are no other circuits across the line 
requiring current. o¢ , no current will be 
consumed by the load. Such a condition would be rep- 
resented by the diagram in Fig. 2, the load having been 


If 3 baa 


removed. By the application of Ohm’s law we have 
E, + E, 
C, = — —- == C, 
%1 + Ye 


because C, and C, are equal. It is quite evident that if 
E, = E,, C, will be zero. But as soon as a resistance or 
circuit is connected across the mains, the generator must 
supply it with current and to do so the generator voltage 
must be increased slightly. Taking the equation of float- 
ing condition 
Bi vs = Ey yi + Ee ys 
Fo 1 


E, —E, 

This may be called the critical load or floating load. 
The denominator of the right hand member is the differ- 
ence between the generator and battery voltages. It is 


let us solve for y, = 


Fig. 2. A Schematic Diagram of an Axle Car Lighting System 
with the Load or Lamp Circuit Removed. This Is a Condition 
Where the Load Resistance Equals Infinity and Is the Only Con- 
dition Where the Battery Will Float When Its Voltage Is Exactly 
Equal to That of the Generator. 


seen that if E, = E, this denominator becomes zero and 
the value of y, becomes infinite. This agrees with our 
previous statement, viz.: that if the battery is to float with 
its voltage equal to that of the generator there can be no 
load whatever. 
Assume thar. — 35.2 (Sameer 7 
What is the critical load that must be connected across 
the mains to make the battery float? 

325 eek S32 


¥,=— — =—4ohm, 
Roa ee 
One ohm will be the exact value of this critical resistance. 
Suppose the voltage of the battery had been 33 instead of 
32, then 
Sone Se: 


= 1 Soh mis. 


35.2 — 33 15s 
Suppose the voltage of the battery was very close to that 
of the generator, say 35.1, then 
Sole 
35.2 — 35.1 di 
Suppose battery voltage exactly equal to generator vol- 
tage, then 


eed 


‘ey es == 5) OLMS, 


SRW Sea 3.04 
= —_—— == ——= as before. 
35.2 — 35.2 9) 
Lastly let us examine the condition that requires the 
automatic switch to open. To what value must the gen- 
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erator voltage be reduced so that 5 amperes discharge 
through the switch will take place and open it, assuming 
that 5 amperes reverse current will do this? 

Taking equation (4) for generator current solve for 
E, as follows: 


Cy ("1 Ye2 ie ae oe 2 Ys) Sin E, Y3 


A Eyota eee Fe 
Yo + Ys 
(Ci % 4155) Bary, 
Y2 Ys i 
Now make C, = — 5 amperes and substitute original 


values and we get 
(—5 x .155) + (32 X 1) 


Pa = 29.74 volts. 


05> e1 
That is, when the generator voltage drops to 29.74 
volts, 5 amperes will flow backward through the gen- 
erator and open the switch. 
The battery discharge current will be 


(32 ,1)-+ (32 1) = (29 a) 


C,=— at ————— = 35,22 amperes 
155 
The load current will be from equation (1) 
CaaS 8a oe ee amperes: 


These illustrations might be endlessly extended, and it 


is suggested to the reader that he assume his own values ° 


for E,, E,,. yi, vy, and y,; and determine the resulting 
values for C,, C, and C,, always keeping in mind the 
necessity for choosing reasonable and possible values. 

The subject may be elaborated to any degree by split- 
ting the load circuit into its components and for each 
circuit added another equation similar to either (1), (2) 
or (3) must be established and solved in order to get the 
value of C, and additional currents. 


iniligine Power Imcandescent Heade- 
ligint 

On the electrified division of the Chicago, Milwaukee 
& St. Paul Railway the line traverses states whose 
statutes require an illuminant of 1,500 unreflected can- 
dlepower for all locomotive headlights. This has made 
imperative the construction of a headlight for the elec- 
tric locomotive which would accommodate a pendant- 
mounted 34-volt, 750-watt, focus-type, Mazda C lamp. 
Such a large headlight made necessary a rolled-up steel 
casing with a spot-welded back, classification number 
boxes projecting at angles of approximately 30 deg. be- 
ing provided on both sides. Metal stencils stamped 
with the number of each locomotive, backed with opal 
suffusing glass and fronted with clear glass are carried 
in the number box doors, the numbers being illum- 
inated by direct light from the lamp passing through 
slots in the reflector. The headlights are equipped 
with a ball-and-socket focusing mechanism and a solid 
case iron base, and they have 20-in., parabolic, silvered- 
metal reflectors. 

The heat radiated from the extremely high-powered 
lamp calls for special attention to ventilation and in- 
volves the use of a door pane of solid, heat-resisting 
glass, which will also withstand the severe mechanical 
shocks and the impact of birds which, becoming 
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blinded by the intense light, fly against the glass like 
moths toward a flame. This headlight, when equipped 
with the 34-volt, 1,500-c.p. lamp, will give approxi- 
mately 1,150,000 beam candlepower. It is, without 
question, the most powerful incandescent headlight 
in commercial operation today. Practically all of the 
apparent candlepower is exerted within an arc extend- 
ing 5 deg. from the center of the beam, the maximum 
approximating 250,000 c.p., being distributed within 
1 deg. from the center of beam. 

The current supply for the lamp is taken from slip 
rings on a 9-kw. control generator at 96 volts. It is 
then transformed to 34 volts, and a tap is provided on 
the transformer secondary to give one-half the voltage 
for dimming purposes.—Electric Railway Journal. 


LicNITE AS A FUueEL in an electric station has given 
highly economical results, according to Engineering of 
June 30. At the Weiswiller station, near Acken, Ger- 
many, lignite of about 2700 b.t.u. per pound, and with 
64 per cent moisture is burned directly on the boiler 
grates. About 4 kg. or 8.8 lb. of lignite are used per 
kilowatt-hour generated. Ten tons of lignite are valued 
at 10.85 marks so that the fuel cost on this basis 
works out at about 0.1 cent per kilowatt-hour. Other 
charges amount to 0.135 cent per kilowatt-hour, mak- 
ing the cost of electric energy roughly 0.2 cent per 
kilowatt-hour.—Iron Age. 

Tue ALLoys IN A ZEPPELIN.—A French chemical jour- 
nal has published an analysis of the alloys used in the 
construction of a Zeppelin brought down in France. For 
the angle brackets it was found that aluminum entered 
into the composition to the extent of 90.27 per cent with 
7.8 per cent of zinc, 0.73 per cent of copper, and small 
amounts of iron, silicon, manganese and tin. For the 
channel sections an alloy composed of 88.68 per cent of 
aluminum, 9.1 of zinc, and about the same quantities of 
the other elements as for the angle brackets was used. 
The braces were evidently of commercial aluminum. 


Tue Transport oF Heavy Guns.—With the size and 
weight of naval guns railways are only interested in so 
far as they have to carry them from the factory to the 
ship. This they are seldom called upon to do, but as the 
war on land is fast becoming a series of sieges in which 
the heaviest ordnance is used, this transport from place 
to place in warfare becomes a vital question. Not only 
have these huge guns to be shifted along the front, but 
they have to be moved backward and forward with the 
line of battle. If the light railways and their rolling 
stock, which do such good service at and near the front, 
could possibly be adapted for the purpose nothing more 
would be required. This is a counsel of perfection and 
the problem is, it is to be hoped, engaging the attention 
of all railway engineers. It is a problem that will re- 
quire to be constantly solved until all the fighting is trans- 
ferred from the land to the air. Were provision made 
for carrying these heavy loads on the normal or stand- 
ard gages it should not be difficult to devise a means of 
transporting the broad-gage trucks on the narrow and 
lighter gages—as, indeed, is already done on several 
lines—and the less shifting these unwieldy monsters 
would have to undergo the quicker would be the process 
of bringing them to the places where their destructive 
power would be most effective-—Railway Gazette, Lon- 
don. 


Flashin 


im JRailway 


Generators 


By Gordon Fox 


FLASHOVER or buckover in any direct current 
A machine may be defined as the formation of an 
are of vaporized metal between points of differing 
potential. Flashes may originate from many causes. In 
- all cases, however, the presence of the vapor is necessary 
to form the conducting arc. After the arc is once estab- 
lished between points of sufficiently differing potential it 
is quite easy for the dynamic current to flow across the 
low resistance path thus afforded. Whatever sets up the 
initial arcing sufficient to vaporize the copper is the basic 
cause of the flashover. The tendency for the small arc to 
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Fig. 1—Field Form Curves for a Railway Motor with Solid Poles. 
Curve A—No Load, Curve B—Full Load, Curve C—Field Form 
After Current Has Been Interrupted and is Being Suddenly Re- 
established. 


spread is influenced by the surrounding potential gradient 
—that is, the voltage per unit of distance between adja- 
cent commutator bars or other live parts. Having thus 
defined flashing in a broad way, we will consider it, first, 
in connection with motors, then as applied to generators. 


Flashing in Motors 


Since a flashover requires, first of all, an initial vapor- 
izing spark at the brushes, it follows that good commuta- 
tion is a first requirement. Consequently interpoles have 
been used and continue to be used to relieve this tendency. 
The influence of interpoles is not as beneficial when applied 
to railway motors, as in the case with other types. This 
is due partially to the fact that the load is irregular. For 
steady running, even with overloads, the interpole motor 
_has proved superior to the non-interpole machine. In 
some other respects little gain is made. 


Armature Reaction 


The flux distribution under the main poles of a motor 
is influenced by armature reaction. The tendency is to 
crowd the magnetic lines against the rotation to one side 
of ihe pole face. The flux distribution due to the main 
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field ampere turns and the field form as modified by the 
magnetizing influence of full load armature current are 
shown in Fig. 1. The flux distribution controls the volt- 
ages between commutator segments connected to coils in 
different locations under the field pole. Non-uniform flux 
means correspondingly uneven distribution of the voltage 
between brush studs. In any direct current machine the 
sum of the individual voltages between segments over a 
brush span equals the full voltage. But the voltage be- 
tween any two adjacent segments depends upon the 
strength of the field in which the connected coils lie. It is 
evident that the more the flux is crowded to one side of 
the field pole, the more peaked is the field form and the 
higher the maximum voltage between segments. The 
higher this voltage the easier it is for any initial arcing 
to spread because of the steep potential gradient along the 
commutator surface next to the trailing edge of the 
brushes. Hence, strong armature reaction encourages 
both sparking and flashing. The function of the inter- 
pole is to neutralize armature reaction in the zone in 
which are located the commutated coils. Outside of this 
zone the interpole has little influence. The interpole im- 
proves matters by lessening the tendency for the initial 
sparking, but does not prevent the growth of an arc, once 
started, into a complete flash over. 


Irregularity of Load 


The irregularity of load is responsible for much of the 
trouble with both interpole and non-interpole machines. 
It was shown that armature reaction has a detrimental 
influence. ~The degree of armature reaction de- 
pends upon the relative armature and field magnetizing 
forces. Irregularity of load contributes to excessive 
armature reaction for short periods. The power supply 
may be momentarily interrupted, as frequently occurs in 
railway service, on account of section breaks in the trol- 
ley, breaks in third rails, rapid operation of the controller 
or other causes. When the power is suddenly re-estab- 
lished the armature current builds up instantly and the 
resulting cross flux also builds up quickly since the mag- 
netic circuit is laminated iron and air. The main field 
flux and the interpole flux build up less rapidly since the 
solid metal of the frame introduces greater hysteric lag. 
This means that, for an instant, the interpole is not very 
effective. Since the field flux is low the counter voltage 
remains low until the field builds up to a value to increase 
the counter voltage to correspond to the increased line 
voltage. During the interval, while the counter voltage 
is building up, the armature current is abnormally high 
and the armature is strong relatively to the main field and 
the field form is very peaked. Curve ©, Fig. 1, shows 
the flux distribution under this temporary severe condi- 
tion. Any sparking started at the brushes may now be 
easily carried across the commutator segments. It would 
be impractical to laminate the entire field frame for me- 
chanical reasons. It is, therefore, unavoidable that the 
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field magnetism builds up less rapidly than that oi the 
armature. 


Rapid Change in Field Flux 


Rapid change in the value of the field flux is not en- 
tirely desirable. The reason will be understood by refer- 
ence to Fig. 2. This illustrates the fact that, although the 
coils midway between poles do not cut many magnetic 
lines, they do link them. So long as the magnetic flux 
is steady there is no resulting action, but if the flux inter- 
linking a coil be changed, a voltage is induced in the coil. 
It will be seen that during sudden load changes in a series 
motor there is an induced voltage in the commutated coils 
tending to set up short circuit currents through the 
brushes. The induced short circuit currents, being 
broken when the commutator bar passes out from under 
the brush, cause a momentary spark. The value of this 
induced current is influenced by the rate of change of 
the magnetism. It is, therefore, evident that a laminated 
field, although aiding in maintaining the desired field form, 
would accentuate this factor of inductance. 


Effect of Design 


Railway motors, even of the interpole type, must be 
liberally designed, particularly with a view to avoiding 
conditions favorable to flashing. The first requirement 
is a strong field relative to the armature magnetizing 
force in order to avoid excessive field distortion. This is 
secured by working the field iron fairly hard and design- 
ing the armature for a comparatively small number of 
conductors to keep the field weak. A wide air gap aids 
in offering a high reluctance path to the armature mag- 
netization and saturation of the pole tips aids 1n prevent- 
ing a peak in the field form at the edge of the poles. A 
large number of commutator bars reduces the volts be- 
tween segments and also decreases the number of turns, 
reducing the inductive influence. The designer utilizes 
other additional details to further this purpose. 

With the advent of the interpole, advantage was taken 
of its influence toward improving commutation and many 
motors were more closely rated and less liberally de- 
signed. This led to difficulties in some cases, as it was 
not fully appreciated wherein the functions of the inter- 
pole were limited in their application to railway motors. 
In recent designs many of the original features favorable 
to good commutation are retained, even though interpoles 
are used. Such motors are giving entire satisfaction. 

Requirements for Flashing 

The first requirement for flashing is a vaporizing arc. 
It is a difficult matter to set up an arc through air, but 
after the arc is once established, it is maintained compara- 
tively easily. An arc lamp operates by separating two 
carbons carrying current. If the brushes of a motor be 
displaced from the commutator, an arc will be set up 
from the commutator surface to the brush. Such an arc 
is likely to be severe, and if the potential gradient is suf- 
ficiently steep, a flashover may easily ensue. It may 
easily happen that when the car passes over a rail joint 
or similar roughness in the track, the brushes are knocked 
away from the commutator by their inertia. This is most 
likely to take place when the car is running at high speed. 
It has been found that interpole motors, as well as non- 
interpole machines, flash frequently at high speed, al- 
though interpole motors seldom flash at low speed. Poor 
brush contact is a probable explanation. It should be 
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noted also that at high speed the field is weak and the 
distortion more likely to be pronounced. The remedy for 
jumping brushes is heavier brush pressure. Tests have 
shown that the best all around pressure is about 5 pounds 
per square inch. This insures good contact, compara- 
tively small brush friction and low contact resistance loss. 
The brush wear is not excessive under this pressure. The 
proper pressure depends partially upon the condition of 
the track, the rigidity of the motor suspension, the car 
speed, the commutating characteristics of the motor and 
its tendency to flash. It is well to use a five-pound per 
square inch pressure initially and to decrease it slightly 
if all is well. If trouble appears the pressume may be 
increased about two pounds. Pressures above seven 
pounds per square inch lead to rapid commutator and 
brush wear. 


Action of Motor During Flashover 


It is interesting to study the action of a motor during 
a flashover. When an arc is once established from brush . 
to brush it 1s easily maintained by the line voltage. This 


Armature Conductors Connected 
to Adjacent Bars under a Brush. 
Represents Commutated Coi/ 


Fig.2—Showing How Changes of Field Magnetism Induce Currents 
in Commutated Coil by Transformer Action 


are short circuits the armature through a fairly low re- 
sistance path. The field is thrown directly across the line 
in series with the arc of little resistance. The field cur- 
rent thus rises to a very high value. We then have a 
thoroughly short circuited armature rotating through a 
strong field. This acts directly as a dynamic brake and 
stops the motor suddenly, causing the car wheels to slide. 

Not all motor flashes are from brush to brush. The 
arc formed at the brushes may spread from segment to 
segment along the commutator over that portion in which 
the segment voltages are high, corresponding to the peak 
of the field: form curve. It then becomes more difficult 
for the are to spread along the commutator so it rises 
with the ascending heat and jumps to some nearby por- 
tion of the grounded frame. The path frequently taken 
by a flashover to the frame is shown in Fig. 3. 


Generator and Rotary Flashing 


A flashover 1s of much the same character in a gen- 
erator as in a motor, although the action and causes are 
somewhat different. There is one point of difference 
which favors the generator materially. The peak of a 
motor’s field form curve is near the trailing edge of the 
brush where sparking is most violent. Any hot vapor is 
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easily carried over into the zone of a steep potential 
gradient. Ina generator the peak of the field is removed 
from the trailing edge of the brush and is nearer the lead- 
ing edge, at which point there is little sparking. 

As in a motor, commutation has an important bearing 
upon flashover tendencies. Nearly all generators for 
railway service are built with interpoles in order to se- 
cure the best of commutation. As in railway motors, the 
interpoles are not entirely effective under sudden load 
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xs 
Fig. 3—Diagram Showing Path of Arc in Flashover to Frame ina 
Railway Motor 


changes. The armature reaction builds up more rapidly 
than the compound fields or interpole fields because of the 
laminated construction of the armature as contrasted with 
solid construction of field yoke and poles. Consequently, 
for a short interval, the armature magnetization is unduly 
strong and sparking may arise sufficient to originate a 
flash. It may be seen, in this connection, why German 
silver adjusting shunts, especially if they are wound non- 
inductively, may lead to difficulties. 

If the shunt is non-inductively wound it assumes most 
of the load during an increase, until the inductive inter- 
pole winding can build up its current. The interpole 
magnetizing influence does not then follow load changes 
closely. It is, therefore, desirable to wind any interpole 
shunt inductively about an iron core. A shunt around 
the interpole winding, in any case, forms a local circuit 
through the interpole winding and its shunt in series. 
This acts in the same manner as a short circuited damp- 
ing winding surrounding the interpole iron. This pre- 
vents rapid change of interpole strength so that the 
interpole cannot adjust itself quickly to load changes. It 
is desirable to avoid shunting the interpole winding of 
any machine subject to wide and sudden load changes 
such as the railway generator which is representative of 
this class. 

Ring Fire 

Another commutation condition affecting the flashing 
tendency is ring fire. By ring fire is meant the fine red 
rings which travel along the surface of a commutator 
encircling it wholly or in part. Ring fireis, in reality, 
leakage of current across mica segments from bar to bar. 
The current leakage 1s encouraged by small particles of 
foreign matter, carbon or copper dust, embedded in the 
mica. Sufficient current flows through the leakage path 
thus afforded to bring the particles to incandescence. 
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Their rotation imparts the appearance of rings. 
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Graphite 
brushes coat a commutator with a thin glaze of semi-con- 
ducting nature which encourages leakage across the mica 
segments. Lubrication of the commutator with paraffine 
wax often leads to ring fire, particularly if the commu- 
tator is cool. The wax then gums and dirt easily ad- 
heres and collects. Oil has a detrimental influence, caus- 
ing the mica to carbonize and burn and leading to severe 
leakage across the mica. Ring fire favors flashing be- 
cause it sets up a small, but often continuous, path of hot 
vapor from one brush stud to another. If there is any 
tendency to flashing displayed, ring fire will accentuate 
it. The remedies for ring fire should be obvious, clean- 
liness of the commutator surface being the prime require- 
ment. 


. Overloads 


Ordinary steady overloads do not often lead to flash- 
ing. Excessive overloads, such as short circuits on the 
line, may easily do so. The armature current increases to 
several times normal value, distorts the field, shifts to 
neutral and causes large short circuit currents to flow 
across the brush face. The heavy load thus imposed on 
the brush tips causes vicious sparking. If the resulting 
copper vapor reaches to any nearby part of differing 
polarity a flashover is likely. 

Large and sudden overloads are reat in railway 
service. Plugging or flashing of motors, partial short 
circuits, trolley wire breaks, car barn switching and other 
similar causes lead to frequent severe loads from the lines. 
These short circuits and surges are the main causes of 
generator and rotary flashovers. It has been found by 
experience that a short circuit at some distance from the 
generating or rotary station does not affect the machines 
as severely as one close by. This has led to the practice 
of avoiding the connection of feeder taps to the trolley 
close to a station. The proper distance for the nearest 
tap depends upon a number of considerations. 


Capacity of the System 


The capacity of the generator or the energy behind 
a rotary converter has an important bearing. It is evi- 
dent that for a rotary of given size the greater the ca- 
pacity at the generating plant, the greater damage is 
likely to result from a flashover. The short circuit across 
the rotary brushes furnishes a low resistance path for 
the flow of an enormous current from the alternating 
current system. The opening of the alternating current 
circuit breaker relieves this condition, but during the short 
interval considerable damage may be done. The dura- 
tion of a flash may be decreased by interlocking the direct 


‘current to the alternating current circuit breaker so that 


both are tripped simultaneously in case of an overload 
on the rotary of sufficient magnitude to cause a flash. 

Because of the through electrical connection of a rotary 
to the supply system a flash is likely to be more severe 
than is the case with an engine driven generator or a 
motor generator set. The greater inherent resistance and 
reactance of the generator windings and the cushioning 
effect of the motor relieves conditions somewhat for that 
type of machine. A generator must suppress only its own 
generated power, but a rotary has usually a much greater 
supply to be considered. 

The relative size of the rotary or generator with re- 
spect to the car motors has a bearing. A large generating 
unit is less likely to be seriously affected by a line dis- 
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turbance of given magnitude than is a machine of smaller 
relative capacity. 


Voltage and Feeder Taps 


The voltage of the system has a direct influence. Gen- 
erally speaking, the feeder taps for a 1200 volt system 
must be placed about twice as far from the generator or 
rotary as in a 600 volt system. 

The size of the feeders affects the resistance interposed 
in case of a short circuit. The larger the feeders the 
longer should be the tap distances. Each feeder of the 
system should handle about the same amount of load. If 
any one feeder transmits a great portion of the station 
output, any trouble upon that line is likely to affect the 
station more seriously than would be the case if smaller, 
equal feeders were used. Since the rails form part of 
the transmission system their weight and the quality of 
their bonds influence directly the resistance in series with 
a short circuit out on the system. Heavy rails, well bond- 
ed, require longer tap distances. 

It will be seen that there are many conditions influenc- 
ing the selection of the proper tap distances. In general, 
the taps on a 600 volt system should not be nearer than 
2500 feet. If flashing is frequent with this arrangement 
the distance must be increased until it stops. The longer 
the feeders the greater will be the line drop and line loss, 
but these factors are of minor importance as compared 
with interrupted service and damaged machines. 

Where it is inconvenient to lengthen a feeder or where 
it is desirable to connect to the trolley at a point near 
the station a permanent resistance may be substituted for 
an equivalent length of feeder cable. The same results 
are secured as with long feeders. 

The protection for the generating equipment may be 
arranged to minimize troubles arising from severe line 
disturbances. Where there are several feeders from a 
single generating unit the feeder circuit breakers should be 
set as low as permissible and the machine circuit break- 
ers set relatively higher. The machine circuit breaker 
might even be equipped with a time relay to enable the 
feeder breakers to operate first. This arrangement clears 
the troublesome line quickly before the machine breaker 
opens and perhaps before any severe trouble upon the 
generator or rotary. As previously mentioned, interlock- 
ing the direct and alternating current overload devices of 
a rotary may offer greater protection than would be 
afforded by their individual action. 


Sudden Relief from Load 


Flashovers are sometimes attributed not alone to sud-, 


den overloads, but also to sudden relief from load caused 
by the opening of a circuit breaker. In some cases this 
conclusion is incorrect since the flashover starts in real- 
ity during the brief interval required by the circuit 
breaker to operate. It may then continue after the breaker 
has cleared the line. Sudden interruption of a heavy 
load may cause trouble, however. An almost instant drop 
of armature magnetization occurs, accompanied by a less 
rapid falling off of the main field strength. An unbal- 
anced condition then obtains. Particularly if the brushes 
are widely shifted for overload conditions, the quick shift 
of the neutral may give rise to a vicious spark, encourag: 
ing a flash. The sudden drop in magnetism within the 
armature also causes an inductive kick which may lead 
to trouble. Interpoles may have a detrimental influence 
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when the load is suddenly released from a generator. 
The armature magnetization, falling off more rapidly 
than that of the interpole, shifts the neutral temporarily. 
The comimutated coils are thus located in a zone of strong 
interpole flux. Being short circuited by the brushes, a 
violent spark will be thrown off sufficient to set up a flash- 
over. 


Failure of A. C. Voltage 


A common cause of flashing on some rotary converters 
is failure of voltage on the alternating current line for 
short periods of time, allowing the converter to drop out 
of step. The results are more severe in the case of inter- 
pole machines. Protection against this difficulty can be 
secured in the case of a single isolated unit by equipping 
the alternating current circuit breaker with a low volt- 
age release which will cause it to open when the voltage 
falls to a predetermined value. This method of protec- 
tion does not apply in cases where it is possible to obtain 
reverse current from the direct current end to hold up 
the alternating current voltage in case of failure. Where 
converters tie in to live feeders or operate in parallel 
and are not subject to the same voltage conditions it is 
recommended that a direct current reverse current device 
be employed to trip the alternating current circuit breaker 
which is interlocked with and trips the direct current 
circuit breaker. The reverse current device actually se- 
cures protection from low alternating voltage. 


Safety Belt Tension Device 


The Safety Car Heating & Lighting Co., New York, 
exhibited at Atlantic City an interesting model which 
demonstrates the basic principles of its constant belt ten- 
sion device as employed in the “Under-frame car”’ light- 
ing generator. This model is fitted with a miniature axle 
pulley, generator and spring tension device, all built to 


Model Showing Constant Belt Tension Feature of Safety Under- 
frame Suspension. 


correct scale, weight ratio and spring power. A delicate 
spring tension balance is inserted in the belt and this ind1- 
cates at all times the exact tension on the belt. The model 
is fitted with a takeup device by means of which the dis: 
tance between car, the axle and the generator support can 
be changed, as is necessary every time the car rounds a 
curve. 

The movement in the model is such as would corre- 
spond to an 8 in. movement in the generator. A two inch 
generator movement is about the maximum swing when 
the generator rounds the sharpest curves encountered ; 
but the model demonstrates that even though the gener- 
ator swing may be four times this, the belt tension is 
maintained at a constant value. This compensates for 
any reasonable amount of belt stretch in service. . 


Anti-F riction 


earings for Motors 


Some Engineering Opinions on This Sub- 
ject Expressed by Engimeers and Users 


Hlorace Niles Trumbull* 


HERE has been such an interest manifested in the 
a: application of anti-friction bearings to electrical 
machinery that a series of questions was recently 
submitted to anti-friction bearing motor engineers and 
users throughout the country in order to obtain their 
opinions as to the advantages gained. The following en- 
gineering opinions are typical of those received in the 
answers, 
O. W. Bricker, mechanical engineer of the Lincoln 
Electric Co., Cleveland, Ohio, which company uses ball 


bearings on both vertical and horizontal battery charging’ 


sets, states: 


“About 95 per cent of our ball bearings are used on an elec- 
tric automobile charger. Our reason for adopting the ball bear- 
ing on this outfit is due to the lack of attention given to the 
old style babbitt bearing. By the use of ball bearings we are 
able to lubricate the machine before leaving the factory and 
owing to its intermittent use, it will require no attention from 
the user for a period of at least one year. We have also brought 
out a line of 3,600 r.p.m. motors. By the use of ball bearings on 
these high speed machines the lubrication troubles are reduced 
to a minimum. It might be of interest to you to know that in 
our particular case we have sold this year four times the quantity 
of ball bearing motors we have previously sold.” 


N. D. Levin, chief engineer, mining department, Jeffrey 
Mfg. Co., Columbus, Ohio, which equipped its mining 
locomotives.and coal cutting machinery with ball bear- 
ings, states: 

“We adopted the use of ball bearings about seven years ago, 
and are now using ball bearings altogether. Mining machinery 
receives less care and attention than any other class of ma- 
chinery. Where ordinary sleeve bearings were used, the bush- 
ings were allowed to wear out, and consequently the armatures 
would rub on the pole pieces until they burned out. This diff- 
culty has been overcome to a great extent, as the ball bearings 
last a long time, if dirt is excluded and they get oil occasionally. 
Some of the first ball bearings that we furnished are still in 
operation. Customers who have purchased machinery equipped 
with ball bearings, in late years, realize the advantages of them, 
and very often go to great expense to have changes made in 
their old machinery so as to enable them to adopt ball bearings.” 


G. Lindstrom, Electric Products Co., Cleveland, Ohio, 
manufacturers of Wotton battery charger, states: 

“We find that ball bearings have the following advantages 
over ordinary sleeve bearings: Simplified design of bearing 
housing with consequent reduction in cost of production; re- 
duced overall length of the machine, as it is possible to mount 
the bearings close to the center of gravity of the revolving parts, 
thus reducing the chances of vibration caused by deflection of 
the shaft; easier and more reliable method of lubrication as 
the bearings can be packed with lubricant and can be so enclosed 
without difficulty that the lubricant cannot leak out. This makes 
it possible to reduce the maintenance cost, as frequent oiling 
and inspection is not necessary. Our experience shows that 
semi-annual inspections are all that are required. The bearings 
can also easily be made dustproof. 

“We are firmly convinced that the tendency is to increase the 
use of ball bearings on account of the advantages given above. 
This is shown by developments in Europe as well as in the 
United States where more of the prominent manufacturers of 
electrical machinery now are prepared to give the buyer the 


*S K. F. Ball Bearing Company, Hartford, Conn. 
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choice between ball and sleeve bearings. The above statements 
are based on our experience with several thousand motor gen- 
erators equipped with ball bearings. The exceedingly small num- 
ber of cases of bearing troubles that we have had is the best 
testimony in favor of using ball bearings in electrical machines. 
“On a vertical machine, it is necessary to provide a thrust 
bearing and my past experience in designing vertical motors has 
plainly indicated that a ball bearing is the only reliable thrust 
bearing. For the radial load a ball bearing has proven its su- 
periority to any other type of bearing, a fact that is being ac- 
knowledged by all designing and operating engineers.” 


A. W. Forbes, of Forbes & Myers, Worcester, Mass., 
manufacturers of electric grinders, states: 


“We are using ball bearings exclusively and believe that the 
advantages more than make up for the additional cost in electric 
motors. While we think that the use of ball bearings on motors 
will increase, there will probably always be a demand for the 
cheaper machine with plain bearings. 

“With regard to efficiency, the use of ball bearings makes but 
little difference in small machines such as we manufacture. 
Bearing friction is nearly eliminated, but that is but a small 
part of the losses. The principal advantages in the ball bearing 
are those that make for reliability. With the small clearance 
between rotor and stator in the induction motor, a small amount 
of wear is a serious matter. With a high grade of ball bearing, 
wear is practically eliminated. Even faulty lubrication that 
would ruin a plain bearing, does not ordinarily have much effect 
on the ball bearing.” 


H. K. Spencer, engineer, Blanchard Machine Company, 
Cambridge, Mass., manufacturers of grinders and vertical 
motor driven spindles, states: 


“The chief advantage, as applied to a motor would seem to 
be the certainty that the shaft will be kept in its proper place, 
eliminating all possibility of the armature getting off center, 
due to wear of bearings. The power saving is probably a very 
small item, but there is some advantage in not having to lubri- 
cate so often.” 


L. W. Hauseholder, electrical engineer, Rochester & 


Pittsburgh Coal & Iron Co., Punxsutawney, Pa., states: 


“About three years ago, we started a very complete investi- 
gation as to the cause of armature and field trouble on our 
mining locomotives. We found that about fifty per cent of the 
failures were due to oil soaked commutators and windings and 
ten per cent. due to rubbing of the pole pieces. We started at 
once to change our armature bearings to ball bearings and to 
buy all of our new locomotives with ball bearing armatures. 
Today we have the following locomotives operating with ball 
bearing equipment: 30 GE. ten-ton locomotives; 16 GE. six-ton 
locomotives; 5 GE. fifteen-ton locomotives, 3 motor, 6 wheel; 
6 GE. twenty-ton locomotives, 3 motor, 6 wheel; 8 Jeffrey ten- 
ton locomotives, and 4 five-ton slage laries. 

“These locomotives have been operating continuously in our 
regular mine service from six months to two and a half years, 
and we have had remarkable success as we have only replaced 
two ball bearings; one due to incorrect assemble, the other one 
due to the sand getting into the lubricant. We have one ten- 
ton locomotive that operates approximately 55 miles every day 
and has been doing this for two years, and | personally exam- 
ined the ball bearings on this locomotive a short time ago and 
at the present rate of wear they will last approximately five 
years. 

“We have entirely eliminated all of our trouble with oil- 
soaked commutators and windings and never hear of a ball bear- 
ing armature being down on the pole pieces. Our records show 
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that we have eliminated about 60 per cent of our motor troubles 
by using ball bearings.” 


Ira H. Spencer, president of the Spencer Turbine 
Cleaner Co., Hartford, Conn., makers of electric vacuum 
cleaners, states: 


“We use ball bearings in our 3500 speed vertical motors from 
YZ to 30 hp. for the reason that we found no other bearing 
that would stand up under the severe conditions.” 


A. Bourgeois, sales manager of the Eck Dynamo & 
Motor Co., Belleville, N. J., which uses ball bearings on 
horizontal motors, states: 


“Regarding the advantages accruing from the use of ball 
bearings in electric motors, wish to state that in our opinion 
very real advantages are obtained in the matter of maintenance, 
working efficiency, cleanliness and greater mechanical strength 
of shaft; also greater compactness of motor, making it better 
adapted for individual application to machinery. 

“Another advantage afforded by the use of ball bearings 
is the solidity of the mechanical construction which makes it 
possible to install the motor cn floor, sidewall or ceiling without 
any mechanical changes.” 


M. Pfatischer, chief engineer of the Electric Dynamo 
Co., which uses ball bearings on Inter-pole motors in sizes 
from 1 to 150 h. p., states: 


“My company has been using ball bearings on inter-pole mo- 
tors in sizes from 1 to 150 h.p. for the last ten years with ex- 
cellent results. Ball bearings offer less friction, are cleaner and 
require less attention than the regular sleeve bearings. “They 
also take up considerable less space.” 


Frank E. Fisher, electrical engineer, Diehl Mfg. Co.. 
Elizabeth, N. J., manufacturers of electrical machinery, 
states: 


“The field of usefulness so far as the Diehl Company is con- 
cerned is governed by the following ball bearing applications: 

“(a) Electric vehicle motors—The reasons for use on this class 
of work are as follows: (1) Increased motor efficiency, de- 
creased weight and dimensions. (2) Bearings require less 
attention. (3) Service is such that it is almost impossible to 
use sleeve type bearings. 

“We have been using ball bearings in vehicle motors for over 
six years, and comparatively speaking, have had but little trouble. 
During the past year, for baggage truck motors which come un- 
der the same class, we have used approximately 2000 ball bear- 
ings and are pleased to state that we have had no bearing troubles 
reported. 

“(b) Vertical motors—We have built a limited number of ver- 
tical motors for government work with ball bearings, and have 
had no troubles reported to date. 

“(c) Railway motors—We have built a large number of rail- 
way type machines for mining locomotives, storage battery street 
cars, etc., and in addition to the reasons stated under (a) the 
additional reason of limited space applies in this case. We can 
materially shorten the overall length of the motor by the use of 
ball bearings. 

“(d) Dynamometers—We have used a number of ball-bear- 
ing equipments for this service, where the speeds are very high, 
and the weights of armature are comparatively heavy. 

“(e) Enclosed motors for pump duty—An enclosed motor 
has a tendency to create a vacuum directly over the bearing, 
and as a result, oil is pulled out of the hearing into the motor. 
We are furnishing this type of motor now, with ball bearings, 
to prevent this trouble. As a general rule the ball bearings need 
attention about twice a year.” 


A test by another motor manufacturer gives the follow- 
ing data: Three 3 hp., 1800 r.p.m., induction motors 
back geared 7 to 1, were tested. The motors were of 
identical construction, except that one was equipped with 
ring-oiler bearings, another with waste-packed bearings 
and the other with ball bearings. The tests showed the 
following efficiencies: Ring-oiler bearings, 81.5 per cent; 
waste-packed bearings, 80.5 per cent ; ball bearings, 84 per 
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cent. The difference in efficiency between ring-oiler and 
ball bearings was in this case 2.5 per cent. Let us see 
how this difference in efficiency figures out with 20 motors 
with ring-oiler and ball bearing equipment. Assume that 
the motors are running 3,000 hours per year and running 
at their rated capacity. 


20 x 3 x 3000 x 84% =151200 hp. hr. for the ball bearing 
motors. 
20 x 3 x 3000 x 81.5% =146700 hp. hr. for the ring-oiler 
motors. 
wi 4,500 hp. hr. saving. 


At 1 cent per hp. hr. the saving effected by the use of 
ball bearings amounts to $45.00 per year. This saving 
is in the mechanical efficiency only and is in addition to 
other greater and more important economies noted pre- 
viously. 

The following is an illustration of how ball bearings 
maintain the original bearing setting of the armature: At 
the Indianapolis plant of the Fairbanks Morse Co. there 
is a 200 k. v. a., 600 r. p. m., 3 phase, 60 cycle, 2300 volt 
synchronous motor equipped with ball bearings. The 
motor drives two generators by 10 in. belts; on one size, a 
25-cycle ac. generator ; on the other, a dc. generator. The 
machine has been running continuously for over three 
years. The plant operates 56 hours per week regularly 
and the motor frequently runs 18 to 24 hours a day when 
machines are being tested. When the motor was installed 
the height of the shaft above the base was accurately 
measured. Up to the present time the gage measurement 
has not been able to detect any drop of the shaft, proving 
conclusively that the ball bearings during these three 
years of almost continuous operation have not worn down 
a measurable amount. : 

Among the principal advantages of ball bearings on 
motors is that the bearing adjustment remains constant, 
thus keeping the rotor in the center of the magnetic field. 
This permits the motor manufacturer to employ air gaps 
with clearances so slight that they could not be consid- 
ered on motors having any other type of bearing. On in- 
duction motors a close air gap is of vital importance in 
the improvement of the machine efficiency and the motor 
power factor. 

Chief among the difficulties with plain bearings is the 
fact that after a period of service the bearings wear down 
to an amount varying with the load and service condi- 
tions. This wear continuing, it will finally permit the 
armature to touch the pole pieces with resulting trouble, 
perhaps a stripped armature or a burned out armature, 
due to the increased friction load. In a ball bearing, har- 
dened steel balls roll on hardened steel bearing races, 
rubbing friction is practically eliminated and accuracy of 
air gap is maintained. 

Summarizing, the advantages offered by anti-friction 
bearings are: Smaller air gaps and therefore’ improved 
power factor; cheaper operating ; longer periods between 
motor inspection; inspection and lubrication charges, 
therefore, greatly reduced; security against leakage of 
oil; improved commutation; fewer repairs; saving in 
motor length of from 10 to 20 per cent; greater durabil- 
ity and decreased friction, especially at starting, and im- 
proved motor commutation. Ability to ship the motor 
fully lubricated and ready to run, and to place it in any 
horizontal running position desirable without making me- 
chanica] changes are also important advantages. 


An lectrif 


HE Oakland, Antioch and Eastern, an electrified 
a line, operates between Oakland and Sacramento, 
Cal., with boat connections from San Francisco, 
running a total of seven electric trains daily each way. 
Five of the trains-¢onnect at the M street bridge in the 
outskirts of Sacramento with trains of the Northern Elec- 
tric Railway running to Chico. Three trains each way 
carry parlor observation cars, and on one of these trains 
the parlor observation car is carried through between 
Chico and Oakland so that no change of cars at ‘Sacra- 
mento is necessary. The system also has two seven-mile 


Fig. 1. View of the Oakland, Antioch and Eastern’s Car Ferry 


‘*Ramon.” 


branches, one to Antioch and the other to Danville, mak- 
ing a total of approximately 150 miles of route, which is 
efficiently protected by block signals throughout. 

To avoid the necessity of making passengers change 
cars in order to cross Suisun Bay the railway transports 
its trains across the bay from Bay Point to Chipps Island. 
It is planned to have a bridge 10,000 feet long and 70 
feet high span this bay, but while the structure is being 
built the railway ferries its trains across on the. gasoline- 
engine-driven car ferry illustrated. The Oakland, Anti- 
och and Eastern is the only electric railway in the United 
States that ferries its cars with passengers aboard in 
order to make change of cars en route unnecessary. 

The car ferry is known as the “Ramon” and was de- 

signed and built by the Oakland, Antioch and Eastern. 
The Ramon is constructed entirely of steel, is 185 feet 
long, and weighs 590 gross tons. It is driven by a 600 
horsepower eight-cylinder gasoline engine of the elec- 
tric ignition type, built by the Union Gas Engine Com- 
pany of San Francisco and has sufficient capacity to carry 
six loaded passenger cars or eight freight cars. The en- 
gine is of unusually massive constuction, weighing ap- 
proximately 120,000 pounds. 
_ A noticeable feature of the ferry is the absence of 
curved plates and the adoption of a box-like design with 
ends that are extremely flat in order to present a large 
area of displacement to overcome tipping while loading 
or unloading cars. There are three tracks on the main 
deck, each 220 feet long, having a total capacity of nine 
cars. As will be seen from the illustration of the car 
ferry, there is an overhead catenary construction so that 
the trains are able to run off the ferry under their own 
power. 

To meet the demand of the heavy passenger traffic the 
Oakland, Antioch and Eastern employs single motor 
cars, multiple trains, and trains hauled by high speed 
electric locomotives. All the electrical equipment, includ- 
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Car ferry 


ing that for cars, locomotives, substations and line ma- 
terial, were furnished by the Westinghouse Electric & 
Mfg. Company, of East Pittsburgh, Pa. The railway 
operates eighteen standard motor passenger cars and sev- 
eral palatial parlor cars and coaches. The standard cars 
are 56 feet long, weigh 87,300 pounds each and are 
divided into express, main passenger, and smoking com- 
partments. The parlor cars, which are hauled on ex- 
press trains, have a buffet and seat sixty persons. They 
are fitted up with appointments equal in every way to 
parlor cars operated by steam railroads and thus the sys- 
tem offers as complete comfort to the traveller as can be 
secured on competing steam lines, with the added com- 
fort of freedom from smoke, etc. Each motor car is 
equipped with four Westinghouse 120 horsepower, 600- 


Fig. 2. The 600 H.P. Gasoline Engine. 


1200 volt commutating pole motors, and 1200 volt HL 
control. 

Since the opening of the road the passenger traffic be- 
tween Oakland and Sacramento has increased so rapidly 
that in order to meet the demands it has been necessary 
to supplement the multiple unit trains and cars by elec- 
tric locomotive hauled trains composed of standard pas- 
senger coaches. For this purpose four articulating truck, 
high speed, 62-ton Baldwin-Westinghouse electric loco- 
motives are employed. Each is equipped with four 250 
horsepower, 600-1200 volt, commutating pole motors, 
geared 24:47 with 42-inch wheels, giving a maximum 
permissible speed of 70 miles per hour. These locomo- 
tives are able to haul five steel 3714-ton coaches on a 
level tangent track with 1100 volts on the trolley, at a 
balancing speed of 56 miles per hour. HL control 
mounted in the center of each locomotive cab controls the 
power to the motors. The use of electric locomotives on 
an interurban road in this manner is a new and note- 
worthy application in the electric railway field. 

In addition to the passenger traffic the railway also 
handles considerable through and local freight and bag- 
gage between Oakland and Sacramento. For this pur- 
pose two 47-ton, slow speed, Baldwin-Westinghouse elec- 
tric locomotives are used, of the steel cab type with 
swivel trucks, and equipped with four 120 horsepower 
600-1200 volt commutating pole motors and HL control. 


The Illuminating Engineering 
Lecture Course 
Dr. Louis Bell 


N 1910 the Illuminating Engineering Society, in co- 
| operation with the Johns. Hopkins University, gave a 
course of lectures on Illuminating Engineering, which 
went far toward placing before the public the general 
principles of the art. In the six years which have since 
elapsed there have been many changes in methods, im- 
provements in apparatus, and developments in theory. 
which seem to call at the present time for another effort 
at education in illumination. 

The course now being inaugurated is the result again 
of co-operative effort, and is to be given by the Illuminat- 
ing Engineering ‘Society under the auspices of the Uni- 
versity of Pennsylvania. Its scope is intended to be some- 
what different from that of the first course of lectures in 
which the principles of an art and its applications had to 
be laid down substantially for the first time in a general 
course of instruction. The present course is directed 
specially toward the practical application of these prin- 
ciples to the work of illuminating engineering as carried 
on today by the latest methods and with the most recent 
equipment. It ought to appeal with particular force not 
only to the engineer, but to those whose contact with 
illuminating engineering is chiefly commercial. It should 
impress upon those, who in their daily task have to deal 
with the applications of artificial light, a firmer grasp of 
advantageous methods and a closer understanding of the 
things which are necessary to make electricity and gas of 
the maximum usefulness to the consumer. 

The following preliminary list of subjects for the 
Illuminating Engineering Society-University of Pennsyl- 
vania lectures has been issued: 


Subject Number of 
(A) General: Lectures 
1 The Principles of Interior Hlumination...... Z 
2 The Principles of Exterior Illumination..... 1 
3 Color inglighiine 2 eee «ss a eee 1 
4 Architectural and Decorative Aspects of 
Lighting 225teie eee ee em ss. . ee 1 
5 Recent Developments in Electric Lighting 
ApplianGesae sea rn cee  . . oene 1 
6 Recent Developments in Gas Lighting Appli- 
ANCES, eae Sos. 5 Sosa 1 
7 Modern Lighting Accessoriesaaeec-.. ... hoe. 1 
(B) Special Lectures on Interior Illumination: 
8 The Lighting of Factories, Mills and Work- 
SHOPS )sivAG Ree So, SAMI ae  . 1 
9 The Lighting of Offices, Stores and Show 
Windows ee cocueret ee Downs: .. a ceeae i: 
10 The Lighting of Schools, Auditoriums and 
Libraries ew eensaw ee ecccmmmnere. . 2 tae 1 
ll. The: Lightinosor eehurenes anepeiee... vce 1 
12 Theatre Lighting (Including Stage Lighting) 
and the Lighting of Art Museums........ 1 


13 The Lighting of the Home.. .2°3...5.. eee 
14 Train Lighting 


(C) Special Lectftres on Exterior Illumination: 
15 Street. Lighting “9o....... ase 2 
16 The Lighting of Yards, Docks and Other Out- 


side Works 
17 Headlights, Searchlights and Projectors.... 1 


18 Sign’ Lighting wes. fo... 2.3.2. 1 
19 Building Exterior, Exposition and Pageant 
Lighting... Siegen. «0 sone 1 


Facts About the Lectures 


Time—September 21-28, 1916; immediately follow- 
ing annual convention of Iluminating Engineering 
Society in Philadelphia. 

Place—Engineering Building, University of Penn- 
sylvania, Philadelphia. 

Auspices—Jointly those of the Illuminating Engi- 
neering Society and the University of Pennsylvania. 


The new lecture course will include the principles of 
illumination and various aspects of lighting practice. 
Whereas the 1910 course emphasized the science of illum- 
ination, the new course will emphasize the art of illum- 
ination, and will include about 20 lectures by men selected 
on account of their qualification to deal authoritatively 
with the several phases of the subject. 

The personal of the I. E. S. Committee of Lectures 
having charge of the preparation of syllabus and the 
selection of lectures is as follows: 

E. P. Hyde, Chairman; Louis Bell, L. B. Marks, C. H. 
Sharp, Secretary; W. H. Gartley, W. D. Weaver. 

The personnel of the I. E. S. Administrative Commit- 
tee on Lectures is as follows: 

P. 5. Miller, Chairman; C. E. Clewell) JieDeisraet 
A. S. McAllister, H. K. Mohr, C. O. Bond, F. H. Gale, 
C. L. Law, W. J. Serrill, G. H. Stickney. 

The personnel of the University committee having 
charge of participation in the course and the departments 
with which connected, is as follows: 

Prof. C. E. Clewell, Electrical Engineering; Prof. G. 
E. deSchweinitz, Ophthalmology; Prof. R. H. Fernald, 
Mechanical Engineering; Prof. A. W. Goodspeed, 
Physics; Prof. W. P. Laird, Architecture; Prof. Harold 
Pender, Electrical Engineering; Prof. W. T. Taggart, 
Organic Chemistry. 

The price of tickets for the lecture course has been 
fixed at $25 which includes admission to all lectures and 
functions associated with the lecture course, partial or 
entire, reprint of the 1910 lectures and reprint of the new 
lectures. The tickets will be available about July 1, and 
may be obtained in advance from C. L. Law, chairman 
of the sales committtee, care of the New York Edison 
Company, 15th street and Irving Place, New York. 
Checks in payment for tickets should be made out to 
W. J. Serrill, who is chairman of the Finance Committee. 
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Ball Bearings for Consolidated Type A Axle Generator 


The three views show a ball-bearing pillow block 
which was designed by the writer for a Consolidated 
Type A axle generator. The number 412 size of ball- 
bearing was used to prevent carrying so many sizes in 
stock. All the holes are drilled by a jig which makes 


all parts interchangeable. It is not necessary to throw 
away the old shafts if they are in good condition, as 
there is no change necessary in the shaft except on the 
pulley end. We turn the shaft down to 1 7/16 inches 
and, afterwards, an adapter which fits the bearing is 


A thread is then cut on the shaft to lock 
The lock nuts are inside the hous- 
ing. All new shafts are made with solid sizes to fit the 
bearings without the use of an adapter. 
J. H. Burcuam, 
Ch. Elec., Chicago & Eastern Illinois, 
Danville, Il. 


slipped on. 
the bearing in place. 


Soldering End Rings 


Until recently the end rings and bars on the rotor of 
an induction motor have been bolted and soldered to- 
gether to make a good electrical and mechanical con- 
nection with each other, but at present these connections 
are either electrically welded or cast into one solid mass 
by the manufacturers. As the majority of all induction 
motors in use are of the older types, which have soldered 
and bolted end ring connections with rotor bars, it would 
seem advisable to have some quick, practical and eco- 
nomical method of resoldering these rotor bars to the 
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end rings which can be used by the shop electrician on 
the shop grounds without sending the rotor to an outside 
repair shop. 

The following method is one which has been success- 
fully used by the writer for some time: <A solid post or 
block of timber is drilled or chiseled out large enough to 
receive the end of a rotor shaft, as shown at B in the 
sketch. A quantity of half and half solder is then melted 
in an iron soldering pan over a plumber’s torch and kept 
hot white the workman gradually turns the rotor around 
while holding it by the other end of shaft at A. 

After one end has been soldered the opposite end of 


Ground Line 


the shaft is put in the post and the rings at that end 
soldered in a similar manner. 

When a rotor is too heavy to handle by hand a rope 
may be tied to the top of the post and the outer end of 
the shaft to support it during the soldering process. This 
is recommended even on small rotors as a safety precau- 
tion against spilling the melted solder. 

J. H. WickMAN, 
Illinois Central, Chicago, Ill. 


Separating Coil Groups in Induction Motors 

Whenever it is necessary to make any changes in the 
end connections of an induction motor or to cut out a 
coil, the average shop electrician will say, “Can’t do it, 
they all look alike to me.” The latter part is true, as 
the coils being placed in a symmetrical manner in the 
slots do look alike. However, if the principles of wind- 
ing are understood the different groups of coils may be 
separated so that they do not “look alike” and the con- 
nections necessary for changing the grouping may be 
made. 

The method used by the writer for picking out differ- 
ent groups of coils in each phase of the winding may be 
readily understood by referring to the diagram. A com- 
mon weatherproof socket is connected as shown to a 


489 


490 


lighting circuit and the wire A is taken from the oppo- 
site side from which the socket is connected, so if the 
two ends, A and B, are touched together the lamp will 
light. Nearly all electricians use this testing connection, 
but when testing for ends of coils or groups of coils it 
will be found by connecting a sharp pointed piece of iron, 
or a pocket-knife with a small sharp blade, to one end 
as at B the insulation can be pricked without breaking it 
and a dozen or so tests can be made in the time it would 
take to peel the insulation and retape it. 

By connecting the end of the wire A to the end of 
one phase and by having the neutral connection between 
phases open, any coil or group of coils in this one 
phase may be picked out from the others within two or 
three minutes at the most by simply pricking the insula- 
tion with the knife attached to B, where the end con- 


Lighting Circurt 


Test Socket 
Qnd Globe 


nections are made. This same method is practical for 
finding grounded or open coils, because if an open is 
bridged the lamp will light. 

The writer has always found a small dry battery and 
buzzer fully as reliable for making these tests when con- 
nected in a similar manner, that is, the battery represents 
the lighting circuit and the buzzer the lamp. However, 
a magneto cannot be.recommended, as it is liable to ring 
through a weak spot in the insulation and thus deceive 
the person making such tests. 

J. H. Wickman, 
Illinois Central, Chicago, Il. 


‘‘*American’? Cork Imset Pulleys 


The advantages of using cork inset pulleys, espe- 
cially on main drives, are not generally appreciated. 
Belt slippage, in many cases, is not an evidence of a 
faulty pulley but an indication of a too heavily loaded 
or greasy belt. If the load is too great, another pul- 
ley must be added to the shaft or a large pulley in- 
stalled. Another remedy for this condition is found 
in a pulley fitted with cork insets. The corks, which 
are firmly set in the steel, wear indefinitely, are prac- 


tically unaffected by dust, oil, or water, and give to 


the pulley face an extra gripping quality. 

The loss that occurs from the slipping of belts re- 
duces product, reaches back to the coal pile and means 
waste, while, on the other hand, the failure of certain 
machines to operate at the desired speed means loss 
and in some cases a defective product. To overcome 
these difficulties, in a great many cases, pulleys are 
lagged and relagged, belts are run under excessive 
tension, to the injury of the belt and with an increase 
in the journal friction far beyond economical operat- 
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ing conditions. Belt dressing is used—sometimes in 
large quantities and to an extent that means an ap- 
preciable yearly charge to the expense account. 

If cork insets are used in pulleys where these con- 
ditions exist, lagging, excessive belt tensions, and belt 
dressing are unnecessary. It is interesting to note the 
results of extensive tests made at the Lowell Textile 
School and the Worcester Polytechnic Institute: 

Percentage of gain of steel pulley with cork insets 

Over Same without sinsetSee gees «<1 o6.¢ cae oso 60 per cent less belt slip. 

Percentage of gain of iron pulley with cork insets 

over’ Saine™ withouty imsetsesacs scl. ss. stereeieee oreetets 51 per cent less belt slip: 
Percentage of gain of wood rim pulley with cork in- 
sets over plain steel without insets............. 42 per cent less belt slip 

For heavy drives with cork inset pulleys and little 
or no belt slip, the first thing to be considered is the 
width of belt required to transmit the load without 
overstraining the belt. The face of the pulley should 
be suitable for the belt, bearing in mind that “Ameri- 
can” pulleys, manufactured by the American Pulley 
Company of Philadelphia, are good for all that should 
be put on a double leather belt of best quality. If the 
drive is excessive, so that the belt has to be over- 
loaded, a special pulley of proper design and capacity had 
better be called for. — 
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The Eagle Claw Wrench 


A wrench recently placed on the market by the 
Mechanical Specialties Company, of Chicago, Ill., has 
been given the name of Eagles’ Claw because of its abil- 
ity to hold anything placed in its specially constructed 
jaws. The particular feature of this wrench is the design 
of its jaws. The tip end of one jaw is provided with a 
notch which gives two points, the other jaw has only one 
point which fits into the notch on the other jaw. This 
gives a three-point grip on any object whether it is round, 
hexagon, oblong or square. The Eagle Claw wrench 


should be especially useful to wiremen and machinists 
on steam railroads because of the great variety of pieces 
that it will firmly hold. A few of the most difficult grips 
are shown in the illustrations. -This wrench is made in 
three different sizes, 7, 10 and 13 in. The 7-in. wrench 
holds from 0 to 1 in., the 10-in. from 0 to 1% in., and 
the 13-in. from 0 to 1% in. The 7-in. wrench is particu- 
larly handy as a pocket tool. 
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C. H. Ketcham, superintendent of the Stockton divi- 
sion of the Southern Pacific, has presented gold watches 
to two boys 11 and 12 years old, respectively, who averted 
what might have been a serious accident on June 4, when 
an irrigating canal broke its banks and flooded the rail- 
road tracks near Arena, Cal. The boys saw the danger 
and flagged the trains. 


The Pennsylvania Railroad reports that, in the first 
six months of the present year, 92,380,184 passengers 
were carried on the company’s lines without loss of the 
life of a single one of them in a train accident. This 
completes two and one half years in which no passenger 
has been killed in a train accident on any part of the 
Pennsylvania System, either east or west of Pittsburgh. 


An extensive system of military telegraph lines is being 
constructed along the Rio Grande river by army signal 
corps. The wires will connect the different supply bases 
with the headquarters and patrol camps that are scattered 
along the river. From Alpine, Marfa and Marathon 
the lines run to Shafter, Presidio, Terlingua, Boquillas 
and other points in the Big Bend region. The lines are 
of a permanent type of construction, and it is supposed 
that they will be left to serve any future emergency. 


“Satety First” Interrogatively 


Is there not really a better slogan for safety first than 
Safety First? The London Omnibus Company has de- 
cided to adopt in its place the suggestive question— 
IS IT SAFE? 

The main idea underlying the words “Is It Safe?” is 
that if the question be mentally asked of oneself in a 
perilous moment, it instantly directs attention to the 
dangers present, wherein the instinct of self-preservation 
will assert itself, and this is in most cases all that is 
necessary to induce watchfulness and care. The slogan 
“Ts IT SAFE?” was adopted by the Great Western: Railway 
of England three years ago, and it is thought by the 
management that it meets with more general and hearty 
co-operation on the part of employees than the American 
slogan “Safety First.”—The Frisco-Man. 


To Extend Electric Operation on Norfolk & Western 


The Norfolk & Western proposes to soon extend ‘its 
electric operation of trains from Vivian, W. Va., west- 
ward 10 miles, and also from Welch up Tug Fork Branch 
for five miles. The new construction necessary will begin 

in the near future. 

As recently described in the Railway Electrical Engi- 
neer, the Norfolk & Western has found the use of 
electric motive power between Bluefield, W. Va., and 
Vivian efficient and reliable. This section, which is 28 
miles long, is one of heavy grades, and includes an im- 
portant tunnel through which it is necessary that sched- 
ule time be always maintained and the working capacity 
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of the line be likewise kept at its maximum of efficiency. 
Big coal trains are pulled over this route between fast 
passenger traffic, yet so reliable has the electric power 
been found that they are allowed to enter the tunnel only 
four or five minutes ahead of expresses, as there is af- 
forded ample assurance that no blockade will happen. 

The addition of the proposed electric mileage will 
amount to more than 50 per cent of the first installation 
and will make the total length of line so operated 43 
miles. That further extensions will be made hereafter 
is apparently to be expected. 


Pennsylvania Adopts Green for Proceed 


The Pennsylvania Railroad announces that orders have 
been given for the adoption of the green-yellow-red 
scheme for the night indications of signals on its lines; 
and the order includes not only fixed signals but also 
markers on the rear of trains ; switch lamps; markers for 
track tanks ; slow signs ; resume speed signs ; hand lamps 
at interlocking and block signal stations, and lights dis- 
played to the public at crossings. Lights at highway 
crossings will be red instead of green, as at present. 

It is iret that the change Seal require some little 
time for its accomplishment. The number of glasses to 
be changed runs into the hundreds of thousands. and, 
because “of present industrial conditions, deliveries of 
material may be slow. 

Green for proceed and yellow for caution have been in 
use at the Pennsylvania terminals, New York ACNE for 
SiX wears past. 

The “position-light” signals on the main lines of the 
Pennsylvania, near Philadelphia, are not affected by the 
new order. 


Personals 


C. R. Corsin, who has been transferred from Pitts- 
burgh, will be temporarily in charge of the Buffalo office 
of the National Metal Molding Company, Pittsburgh, 
during the absence of L. S. Montgomery, now on the 
Mexican border with Troop I, First Cavalry, New York 
National Guard. 


F. W. REEp, who, until July 1, 1916, was general fore- 
man electrician of the Northern Pacific, has been ap- 
pointed chief electrician vice E. R. Manor, who has been 
appointed assistant valuation engineer in the mechanical 
department for the same company. G. E. Brown has 
been appointed general foreman electrician. Mr. Reed 
will have general supervision over all electrical work on 
the Northern Pacific, including car lighting, outside and 
inside electrical construction and shop power and light- 
ing and will make his headquarters in the Northern 
Pacific building, St. Paul, Minn. 


Epwin L. Wirtson, for the past five years sales en- 
gineer in charge of the railroad department of the 
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Hazard Manufacturing Company, Wilkes-Barre, Pa., 
resigned on August 1 to become president of the Con- 
necticut Electric Steel Company, Inc. Mr. Willson 
was born at Baltimore and received his early education 
in the public schools of that city. In 1905 he was gradu- 
ated from the Baltimore Polytechnic Institute: and in 
1908 graduated from Lehigh University with the degree 
of electrical engineer. During his school days he was 
engaged in railway engineering and construction work 
- with the Westinghouse Electric & Manufacturing 
Company. Upon leaving school he went with the Haz- 
ard Manufacturing Company, at the Wilkes-Barre 
office, in charge of electrical and chemical testing. In 
July, 1911, he entered the sales department as sales 
engineer in charge of railroad work, with offices in 
New York City, which position he held until August 1. 
In his new position Mr. Willson has headquarters at 50 
Church street, New York, but will shortly remove his 
office to Hartford,-Conn., at which point the foundry 
is located. 


Railway Structures 


The Chicago, Milwaukee & St. Paul has commenced 
the construction of new terminal facilities to cost 
about $65,000, at South Beloit, Ill. The work includes 
the laying of additional yard tracks, the construction of 
a three or four stall engine house, with an 80-ft. turn- 
table, a 43-ft. cinder pit, a coaling plant, a power house, 
18 ft. by 32 ft. and a water tank. Grading at this 
point was begun-some time ago. 


The Chicago, Milwaukee & St. Paul contemplates 
the construction of terminal facilities at a cost of about 
$614,000 at Atkins, Iowa. The improvements will in- 
clude a 26-stall roundhouse, 90-ft turntable, 154-ft. 
cinder pit, a coal handling plant, a power house 50 ft. 
by 80 ft., a blacksmith and machine shop 50 ft. by 90 ft., 
a storehouse 50 ft. by 100 ft., an ice house and other 
buildings, as well as a modern yard for handling in- 
creased traffic. er . 

The New York, New Haven & Hartford will ask for 
bids as soon as plans are completed for the construc- 
tion of a roundhouse, also a shop and an office building 
at White Street yard, Danbury, Conn. The buildings 
are to be of frame construction with terra cotta fire 
wall. The roundhouse will contain eight 95-ft. stalls ; 
the shop is to be one story high, 48 ft. by 100 ft., and 
the office building is to be two stories high, 42 ft. 6 in. 
wide by 49 ft. 8 in. long. The improvements will cost 
about $65,000. In addition there will be a boiler and 
generator room, 48 ft. by 48 ft.; a storeroom, 36 ft. by 
48 ft., with an oil storage system. 


The Chicago, Milwaukee & St. Paul has started the 
construction of extensive terminal facilities at North Mc- 
Gregor, la., including a 22-stall roundhouse, a 90-it. 
turntable, a 100,000-gal. water tank, a 154-ft. cinder pit, 
a sand house, a coaling station, a.power house, 50 ft. by 
63 ft., a blacksmith and machine shop, 40 ft. by 60 ft., a 
car repair building, 40 ft. by 80 ft., and an entirely new 
yard layout, involving 15 miles of track. The project 
also involves an extensive channel change of Giard creek 
and the raising of the yards above the flood level. Aside 
from part of the grading contract, which has been 
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awarded to Morris Shephard & Dougherty, St. Paul, 
Minn., all of the work is to be done by company forces. 


Trade Pulolications 


Gurney Ball Bearings is the title of a 38-page catalogue 
‘ssued by the Gurney Ball Bearing Company at James- 
town, N. Y., dealing exclusively with data and informa- 
tion pertaining to the different types of ball bearings 
manufactured by this company together with their 
mounting and care. . 


Belt Pulleys, a paper by Charles A. Brimley, president 
of the American Pulley Company, and read before the 
Engineers’ Club of Philadelphia, June 20, 1916, is pub- 
ished in a pamphlet recently issued by the American Pul- 
ley Company. This paper is presented to fix the atten- 
tion of engineers on pulleys for transmission of power 
by belt, and to point out that there is more in the selection 
of pulleys of the proper type than has been commonly 
supposed. 


Typical I-T-E Circuit Breaker Installations, a 352- 
page book issued by the Cutter Electrical & Manufactur- 
ing Company, Philadelphia, Pa., has been prepared, with 
the old adage in mind, “seeing is believing.”  Illustra- 
tions are relied upon rather than intricate technical de- 
scriptions to suggest the wide range of I-T-E circuit 
breaker installations, although in the case of certain 
notable plants, such engineering data have been added as 
will be of special interest and value to electrical engineers 
contemplating or having in hand work of a similar 
character. 


One Hundred Condulet Suggestions is the title of a 
little book issued by the Crouse-Hinds Company, Syr- 
acuse, N. Y., showing photographic reproductions of 
condulet installations with a pictorial index of the con- 
dulets and condulet accessories used. The prime object 
in publishing “Condulet Suggestions” is to illustrate the 
fact that no matter what form of conduit outlet is re- 
quired, there is a type of condulet that exactly meets it. 
The pictorial index is alphabetically arranged and shows 
enlarged and individual views with descriptions of con- 
dulet and condulet accessories used in the illustrations 
shown on the other pages of the book. 


Portable Direct Reading Bond Testers is the title of 
Bulletin No. 200 for May, 1916, issued by the Roller- 
Smith Company, 233 Broadway, New York. The bulletin 
describes the Roller-Smith direct reading bond tester 
which was designed many years ago for testing the bonds 
which electrically connect the rails of practically all elec-. 
tric railway systems. The bulletin describes the applica- 
tion of the tester and also contains a complete description 
of both the standard sensibility and the high sensibility 
types. The standard type is light and compact and shows 
the resistance of the bond under test on the scale direct 
without computation and is operated on the current nomi- 
nally in the rail and readings can easily be taken with a 
single observer. The high sensibility type, in appearance 
and operating principle, is identical with the standard sen- 
sibility type but the weight is a few pounds greater and 
the sensibility very much enhanced. The instrument is 
intended for use where current in the rail is compara- 
tively feeble. 


October, 1916 


RAMWAY 
ELECTRUAL ENGINEER 


Published on the first Thursday of every month by the 
SIMMONS-BOARDMAN PUBLISHING COMPANY 
Woolworth Bldg., New York. 


Transportation Bldg. Cleveland: Citizens Bldg. 
Washington: Home Life Bldg. 


London: Queen Anne’s Chambers, Westminster. 


Chicago: 


Epwarp A. Simmons, President 
Lucius B. SHERMAN, Vice-Pres. Henry Leer, Vice-Pres. and Treas. 
M. H. WivumM, -Secretary Epwarp Wray, Business Manager 
Roy V. Wricut, Editor 

K. R. Hare, Associate Editor R, E. Tuayer, Associate Editor 

Subscription, including postage: United States, Canada and Mexico, $1.00 
a year; Foreign Countries, $1.50 a year; ‘single copy, domestic, 10 cents; 
single copy, foreign, 15 cents. 
Entered as second class matter, January 4, 1916, at the post office at New 

York, New York, under the Act. of March 3, 1879. 


WE GUARANTEE, that of this issue 2,600 copies were printed; that of 
these 2,600 copies, 1,760 were mailed to regular paid subscribers, 161 were 
mailed to advertisers, exchanges and correspondents, and 679 were pro- 
vided for new subscriptions, samples, copies lost in the mail and office 
use: that the total copies printed this year to date were 22,200, an aver- 
age of 2,220 copies a month. 

The Railway Electrical Engineer, and all other ‘Simmons-Boardman 
publications, are members of the Audit Bureau of Circulations. 


Volume 7 OCTOBER, 1916 Number 17 


Table of | Contents 


Editorials: Page 
TVA TU NVY GAVE | sent ical ei iolase b Slee ie re bn ee cee as 493 
PracticdliaStunt= Com petitiOMiy a. cae. oes. fs nena ciom 493 
Sloman ceestine atas ee m Sa aces ea isaee 494 
Rare Pie nine (Cups. cate etic s Peps ee ee ie ee iia eb 
The Work of the Association of Railway Electrical 

Hea COCS tote case = arora + wo wolfe ole ene 494 

The Ninth Annual Convention—A. R. E. E.: 
Committee on Reciprocal Relations................ 496 
Gommuttee one loose llbear Binder. ....) scene ae 496 
Committee to Establish Sizes of Ball or Roller Bear- 

mee ror eMoto fquipment.. ieee | OO 

Committee on Crane, Turntable and Transfer Table } 

INEOLOMSiere Rb chahnis 2 2s Ae cee ic i ane RO lo 496 

Gommnittee on eadle@htSe ls. cue... we ces ees oe 497 

Committee on Metal Conduit Specifications........ 497 

CommttceronsDatayand Intormation... ..0e.6 +. 4. 497 

Committee on Shop Practice........-....-0e0-e0++- SOL 

Sub-Committee “A” on Compressed Air and Its 
Oyo by Cacho (Or. 0 end on Oe EG Cc? OER ea Ra ROI tee aeons 501 
Sub-Committee “B” on Electric Welding........ 502 
Sub-Committee “C” on Maintenance and Repairs 505 
Electrical Operation of Railroad Shops........ 507 

Maintenance and Repairs of Direct Current 
PS Crte EMERG One ees sedate tins 5 oan e sg ao be oes Gees na 508 
Maintenance of Illuminating Equipment....... 509 

Committee on Car Lighting Hand Book........... Shi 

Committee on Train Lighting Equipment and Prac- 

ELS CHM Ta oe Taha. oS nas Jets) antes: oO, eperiebese te teipitee 511 
Sub-Committee “A” on Standardization of Axle 
Gemeratonsmes vate cis sles: A wert A boone Sie ey 518 
Sub-Committee “B” on Head End Practice......, 518 
riammitroer ans, bMiminatiGies Wi. .see eel oes cea nee 519 
Sub-Committee “A” on Illumination of Railroad 
SPARC! SAR Sas A On PEE a 519 
Sub-Committee “B” on Rating of Train Lighting 
tee POMP als. Sars atts eam eee ee rene s 522 
Committee on Wireless Telephone and Telegraph 
ae Anpieditoe Moving i tains...5 2... Buen 528 

BAR CII CLES ee. oO end a a 8 wre Bin 8 Bee eg ge 523 
MiLiaramitrcitnOut ra TLoMmD RIT CLOTLCS peteieien:. diss ciel succes  euchs Shanes a) Reece 523 
A. B. C. Car Lighting Course—Lesson No. 55: 

Aine MOtOMCo EM ramiclifimmo y Stes asst cc saclotoe sie te» Goer eye 524 
GACH CAT MUMMIES HR ieamrecie iw. ScPa tiers oo = ike rct coats iib onus he tun 528 
General News Section: 

PERSO Tid Sw Mere ee cine Peeteitbets Aace te oi.cte en eiotenchencan Biskcoe rele 530 

Bee ert EEE OCC CS ts RN eb Sod wage os ecm see ening « 532 

SPrademoniplicavionsteeer rs. \cmmtrt asia eco ss hustecota sn 532 


RAILWAY ELECTRICAL ENGINEER 


493 


Edward Wray 


The many friends of Edward Wray will be interested 
to know that he has resigned from the Railway Electrical 
Engineer to become associated with the Sangamo Electric 
Company of Springfield, Il. The announcement appears 
on another page. 

Mr. Wray has been intimately associated with the 
Railway Electrical Engineer since its organization back 
in 1909 and, as president of the Wray Publishing Com- 
pany of Chicago, was its sole owner from 1910 until it 
was purchased by the Simmons-Boardman Publishing 
Company in 1915. 

A description of the early days of the paper and of 
Mr. Wray’s energetic and persevering work in develop- 
ing it would make a long story in itself. Suffice to say 
that his enthusiastic devotion to the magazine and to the 
Association of Railway Flectrical Engineers has been a 
considerable factor in making for the success of both the 
publication and the association. He has always worked 
with and for the association and will undoubtedly con- 
tinue to do so. It is also true that he personally has 
always worked with and for the individual members of 
the association and for that reason he has made a host 
of friends among the electrical men of the steam rail- 
roads in the United States and Canada. 

We know we are voicing the thought of his many 
friends when we wish him God speed and every good wish 
in his new work. 


Practical Stunt Competition 


On page 441 of the August issue of the Railway Elec- 
trical Engineer we announced that a prize of ten dollars 
would be awarded for the best articie and a prize of five 
dollars for the next best article describing a practical 
stunt or device which has proved of value in railroad 
operating or maintenance practice. 

This competition closed October 1, 1916, and on an- 
other page in this issue will be found the two prize win- 
ning articles. The first prize has been awarded to Charles 
W. T. Stuart who is an electrician with the Pennsylvania 
at Philadelphia, Pa. Mr. Stuart describes and illustrates 
a hand press for removing ball bearings from axle gen- 
erator shafts and also for removing shafts from arma- 
tures. The second prize has been awarded to E. W. 
Jansen, electrical engineer, Illinois Central at Chicago, 
who describes a method of installing an emergency 
double throw switch for throwing the electric bell circuit 
on business cars over on the car storage battery when the 
dry battery regularly used for the purpose, has failed en 
route. 

Many other practical stunts were received, some of 
them so good that it was difficult for the judges to choose 
which ones should be given first and second place. These 
other stunts will be described in subsequent issues and, 
as originally announced, will be paid for at our regular 
rate. We are gratified at the interest taken in this com- 
petition and hope that it will demonstrate to our readers 
the value of sending in descriptions of such practical 
stunts and kinks; this obviously being the most practical 
way for exchanging such ideas. 

Attention is called to the fact that we have discontinued 
the policy of paying only one dollar each for such articles. 
In the future they will be paid for according to the space 
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taken and their practical value. We hope that this will 
be an added incentive for every one to take an active 
interest in the Practical ‘Stunt columns and to regularly 
send in ideas of this nature. 


Some Interesting Data 


The report of the Committee on Data and Information, 
submitted at this year’s convention of the Association of 
Railway Electrical Engineers, printed elsewhere in this 
issue, represents a tremendous amount of information 
presented in understandable form. It is the most com- 
plete of any report so far submitted by this committee 
and as it includes around two-thirds of the total railroad 
mileage of the country, it may be considered as entirely 
representative of the electrical equipment installed on 
steam railroads. It should be noted, however, that the 
section covering motors does not include those applied 
to cranes, coaling stations, water tanks, etc., along the 
line, but simply covers motors in use in shops. 

Both the committee and the association are to be highly 
commended for the good work they have done in compil- 
ing this report. Further, the work on the part of indi- 
vidual members should not be overlooked as it is only by 
their close co-operation that such complete data can be 
secured. 

It is to be hoped that this committee will be continued 
in the future as it has been in the past, with the idea of 
making its annual report a complete summary of all the 
electrical apparatus in use in this, one of the greatest of 
industrial fields. After the information on their respec- 
tive systems is once made up by the individual members, 
it should be easily possible for them to keep it up-to-date 
without great effort, as in practically every case it is a 
simple matter to obtain figures showing additions to 
equipment throughout the year. 

One of the greatest advantages of such a report as this 
lies in the fact that it gives to the individual members 
data covering their respective systems, which data would 
not, in many cases, otherwise be compiled. It also pro- 
vides for the use of numbers, a comparison with other 
roads as to costs, etc., which will enable them to de- 
termine whether the methods employed on their own road 
are producing maximum efficiency or whether they can 
be modified to advantage. This is an important factor to 
be considered in keeping this data up to the minute. 


Car Lighting Clubs 

A good, live, well attended car lighting club should be 
located in every large railroad center in the United 
States and Canada. Such a club would have among its 
members all railroad men and supply men in the city who 
are interested in electric car lighting and would do a 
great deal of good because such men would regularly 
come together to exchange ideas and thereby become 
better acquainted. Such meetings could very well be 
taken up by talks on car lighting subjects, such as bat- 
tery and generator maintenance, descriptions of various 
types of apparatus, etc., these talks to be given by the 
railroad men themselves and by the manufacturers’ rep- 
resentatives. It is usually a simple matter to find some 
place in which to. hold the meetings because the higher 
railroad officers, recognizing the value of such a club, will 
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eladly arrange to provide a room in a centrally located 
terminal station, or office building or, as is being done in 
one case, arrange to have the meetings held in a con- 
venient passenger coach. 

An item in our news columns this month describes the 
organization of a new car lighting club in Boston, Mass. 
This club expects to have a membership of at least 75, 
and will hold regular bi-monthly meetings in a passenger 
coach in the North Central station. The organization of 
this association speaks well for the enterprise of the 
Boston car lighting men and as the primary object of 
the association is to enable such men to get together 
occasionally to talk over matters concerning their work 
and to hear lectures on car lighting subjects, it is to the 
best advantage of every car lighting man in Boston to 
become a member at once and to regularly attend all 
meetings. 

Car lighting clubs or associations have been organized 
in Chicago and New York for some time and both of 
these clubs have a large membership and are doing a 
good work. Other large railroad centers should fall in 
line with this movement and organize their car lighting 
clubs without delay. There certainly should be one in 
each of the following cities: Philadelphia, Baltimore, 
Pittsburgh, St. Louis, New Orleans, Kansas City, St. 
Paul, Minneapolis, Denver, San Francisco, Portland and 
Seattle. Which one of these cities will be the first to 
organize a car lighting club? The Railway Electrical 
Engineer will gladly furnish all information desired re- 
garding the necessary procedure in organizing such a 
club and will be pleased to furnish suggested by-laws, 
constitutions, etc., on request. We will also be glad to 
devote a certain amount of space each month to the 
activities of these clubs. It is suggested that such in- 
formation be mailed to the editor soon after each meeting. 
We would be glad to hear from any club or car lighting 
association that we have not mentioned, as, to our knowl- 
edge, the ones in New York, Chicago and Boston are the 
only ones in existence. / 


The Work of the Association of 
Railway Electrical Engineers 


When the Association of Railway Electrical Engineers 
came into existence nine years ago under the original 
name of the Association of Car Lighting Engineers, 
the electrical departments of the various roads were 
mainly confined in their activities to the design, installa- 
tion and maintenance of car lighting equipments. It is 
true that there was a considerable amount of shop-motor, 
terminal lighting and power equipment in use at the time 
but car lighting was undoubtedly the predominating 
factor. 

The past seven or eight years, however, have wit- 
nessed a remarkable change in the extensive application 
of electricity in railroad service, including electric trac- 
tion, car lighting, shop and other power, are welding, 
illumination, etc. The railroad shop today that is not 
equipped for individual or group motor drive of all 
power operated tools is decidedly antiquated, and the 
railroad shop, terminal, or classification yard, which is 
not equipped with an effective system of illumination is 
recognized as an element of danger to the employee, and 
of ineffciency to the railroad. 
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As the application of electricity in railroad operation 
has progressed so has the activity of the Association of 
Railway Electrical Engineers. In the early days its 
name was changed so as to more correctly indicate the 
activity of the association and every year has seen a 
broadening in the scope of the work of the various com- 
mittees. 

The association has prepared a specification for rubber 
covered wire which is generally regarded as standard. 
This specification has been revised from year to year so 
as to make it more comprehensive and to keep it in line 
with recent developments, and it is a fitting testimonial to 
the work of this committee to note that this specification 
has been copied, either in part or in its entirety, by 
numerous societies, associations and operating com- 
panies. 

In standardizing car lighting equipment, the associa- 
tion has done a work of incalculable value to the service. 
Practically all recommendations of the A. R. E. E. com- 
mittee on standards have been adopted verbatim by the 
M. C. B. association and the interchangeability of car 
lighting equipment has been generally adhered to by all 
railroads and manufacturers. 

The A. R. E. E. committee on ball bearings for axle 
lighting generators selected one size of bearing which 
was best suited for this service and practically, without 
exception, this size of bearing has been universally 
adopted. When one thinks of the chaotic condition 
which would have resulted had every individual manu- 
facturer selected the size of bearing for his machine, it 
is evident that the present situation, with but one stand- 
ard bearing for all sizes and makes of machines, is a 
compliment to the work of the association. 

The association has also inaugurated a movement to 
standardize bearing sizes for electric motors. This work 
is well under way and another year will undoubtedly see 
some tangible results which will be of far-reaching im- 
portance, affecting the entire electrical industry. 

The association was again of great service to its mem- 
bers when it went on record as favoring the lumen basis 
for rating incandescent lamps at its last semi-annual con- 
vention. By so doing, it was the first association to 
officially adopt this unit as a standard, thereby blazing 
the way for the other electrical associations. 

This year’s report on shop practice is especially com- 
prehensive and the completeness with which the various 
sections under this report are compiled simply proves 
that the members of the association have outgrown the 
strictly electric car lighting field and have broadened out 
to consider all phases of the application of electricity to 
steam railroads. It is especially gratifying to note the 
thoroughness with which the sub-committee on electric 
welding handled its subject. Electric are welding is 
bound to take an important place in railroad maintenance 
work and the report of the committee this year will do a 
great deal to familiarize railroad electrical engineers with 
the art and its application and uses. 

The report of the committee on illumination this year 
is also an example of the broad and comprehensive work 
the members of our association are capable of doing. The 
report of the sub-committee on yard lighting is very com- 
plete and will undoubtedly be regarded as an authority in 
the field of illuminating engineering on the subject in 
question. 
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The investigation and study of car and train lighting 
problems are a most important part of the association's 
work, but only a part. This subject must continue to 
receive a great deal of attention, but the association is 
big enough to broaden out and cover other subjects of 
equal interest to the steam railroad electrical men, some- 
thing it must do if it is to grow and thereby continue to 
demand the attention and support of the higher railroad 
officers. Some of these other subjects are now receiving 
the serious attention of the association, but others are 
not, and unquestionably all should be. 

The time is at hand when the association can profitably 
still further broaden its work and investigations. Take, 
for example, the generation of power for steam railroads. 
This important field, including steam, electric, compressed 
air, and gas power, can well be handled by committees 
of the association, the members of which, with few ex- 
ceptions, are perhaps better qualified to handle the subject 
than any one else among steam railroad men. Some 
excellent papers on this subject have been read at the 
conventions, but the matter of power and power plants 
for steam railroads should be followed up by a regular 
standing committee. 

The growing importance of electric traction on steam 
railroads, forcibly brought to our attention by the re- 
markable success of the Norfolk & Western and the 
Chicago, Milwaukee & St. Paul electrifications undoubt- 
edly makes it desirable that our associations appoint a 
representative committee to thoroughly go into all phases 
of this subject, including the choice of systems, the design 
and construction of catenary and third-rail systems, the 
design, operation and maintenance of electric locomo- 
tives, with similar information regarding motor cars 
such as used in the suburban service of several of the 
railroads. The Association of Railway Electrical En- 
gineers, working with the manufacturers, can take the 
lead in analyzing and solving the various problems in 
connection with electrification as applied to steam 
railroads. 

Our association is young, but it has the proper spirit 
and it certainly will not overlook an opportunity to de- 
velop and classify authoritative data on the subjects men- 
tioned. There is no better time than the present for the 
association to assert itself, and do the work which right- 
fully belongs to it. By its very name the Association of 
Railway Electrical Engineers assumes the responsibility 
of guiding its members, among whom are the electrical 
engineers of the steam railroads in the United States, in 
the choice of standards and other equipment for every 
feasible application of electricity in steam railroad prac- 
tice and, with few exceptions, this responsibility has been 
well met. It should not be said that the members of the 
Association of Railway Electrical Engineers must go to 
other associations for information necessary to its mem- 
bers. Its members are big enough and broad enough 
and skillful enough to work out their own problems and 
to obtain the information they require. 

So with the common purpose of pushing the Asso- 
ciation of Railway Electrical Engineers to a still higher 
position in the estimation of the higher railroad officers, 
and of making it one of the biggest and most import- 
ant railroad associations in the country, let us discard 
all personal likes and dislikes and work together to 
broaden out its work, thereby increasing its prestige and 
usefulness. : 


Nintlin Convention 
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October 3l-November 3, Hotel La Salle, Chicago 


Committee IReportsi 


The first meeting will be called to order at 10. o’clock a. m., 
Tuesday, October 31, in the Red Room on the 19th floor of the 
Hotel La Salle, Chicago, Ill. The morning session will be taken 
up by the address of the president, the report of the secretary- 
treasurer, unfinished business and new business. The first com- 
mittee report will be presented in the afternoon session on 
Tuesday, which commences at 2 o’clock. On the remaining days 
of the convention, Wednesday, Thursday and Friday, the morn- 
ing session will start at 9 o’clock and the afternoon session at 
2 o'clock. 


Reciprocal Relations* 


JosepH A. Anpreucetti, Chicago & North Western, chairman; 
L. S. Brttau, Baltimore & Ohio; J. R. Stoan, Pennsylvania. 


Loose Leaf Binders* 


J. R. Stoan, Pennsylvania, chairman; J. L. Minicx, Pennsyl- 
vania; T. V. Buckwatrter, Pennsylvania. 


AntieFriction Bearings for 
Motor Kquipment 


Your committee, to establish sizes of ball or roller bearings for 
motor equipment, has held a number of meetings and confer- 
ences on this subject. Early in its deliberation it was found 
that to accomplish the purpose for which this committee was 
formed, it would be absolutely necessary to confer and work in 
conjunction with the manufacturers of motors. In attempting 
to carry out this plan, your committee found that it was im- 
practicable to deal with the manufacturers individually on this 
subject; but after conferences with manufacturers of motors it 
was determined that the proposition would have to be worked 
out between the committee of the Electric Power Club represent- 
ing the motor interests, and the committee of this association. 


Your committee has been in conference with the committee 
on standardization of the Electric Power Club detailed for this 
work, but to date no tangible or constructive work has been ac- 
complished. It is apparent that work of this kind, involving the 
changing of present motor designs and standards, must neces- 
sarily proceed slowly and with careful deliberation so that no 
hasty or inconsistent recommendations will be made. 


Your committee feels that it has made a good start in accom- 
plishing the end for which it was formulated, and has great 
hope that it may be able to furnish more definite information at 
the next semi-annual meeting. 


Your committee will offer discussion and show data accumu- 
lated on this subject when this progress report is read. 


Committee: C. J. Caustanp, Pennsylvania, chairman; C. R. 
Gitman, Chicago, Milwaukee & St. Paul; M. S. Menoy, New 
York Central; A. J. Farretty, Chicago & North Western; J. C. 
McExree, Illinois Central; E. Wanamaker, Chicago, Rock 
Island & Pacific; W. O. Doun, consulting engineer, Chicago; 
L. Gazin, Atchison, Topeka & Santa Fe.; J. A. SHAW, Can- 
adian Pacific; W. A. Hancock, Central of Georgia. 


*This committee will make a verbal report. 

{The Association of Railway Electrical Engineers 
sponsibility for the individual views of its members on the various topics 
and disavows any action taken on the various subjects except such 
action as is taken in due course and accordance with the constitution.— 
J. A. Andreucetti, Sec.-Treas. Association Railway Electrical Engineers. 
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Crane, Turntable and 
Transfer Table Motors 


Your committee herewith submits the same report that was 
submitted to the semi-annual meeting. 

The committee held meetings on February 12 and March 24. 
It was decided that the first thing to consider was taking up 
with the different motor manufacturers the question of construc- 
tion along the following lines: 


1. Motor rating: Standard motor speed of 600, 750 and 900 
R.P.M., corresponding to full load speed of D.C. motors, and 
synchronous speed for A.C. motors, except in case of the 750 
R.P.M., 60 cycle, A.C. motor. For A.C. motors in intermittent 
service, we suggest 1,200 R.P.M., but not for general use 

2. Temperature rating on a basis of 50 degrees Centigrade 
rise by the thermometer method for open type motors, and 50 
degrees rise for enclosed type motors on a one-half hour run 
at full load. 

3. Torque rating on starting should be from 7 to 10 times 
the full load torque. 

4. Standard dimensions for D.C. motors on—(a) Height of 
shaft above motor base, (b) Bolt hole dimension and spacing in 
four directions, (c) Shaft diameter and shaft extension outside 
of the bearing, (d) Keys and keyways. 

5. Standard dimensions for D.C. motors on—(a) Height of 
shaft above motor base, (b) Bolt hole dimension and spacing 
in four directions, (c) Shaft diameter and shaft extension out- 
side of the bearing, (d) Keys and keyways. 

6. Standard sizes of anti-friction bearings for various sizes 
of motors used on traveling cranes. We suggest that this 
standardization be established by collaboration with the motor 
bearing committee of the Association of Railway Electrical 
Engineers. The association invites the co-operation of the 
Electric Power Club in bringing about these standards. 

The sub-committee appointed to take this question up with the 
Power Club, representing different manufacturers at their meet- 
isg held at Hot Springs, May 1 and 2, reports that the Power 
Club representatives seemed very friendly towards the proposi- 
tion of standardizing on crane motors, and the question has been 
referred to the committee on motor applications, which, I under- 
stand, they will take into consideration and report at a later 
date relative to a joint meeting with our committee. The com- 
mittee decided that before taking the question up with the crane 
manufacturers they would wait for some definite information 
from the motor manufacturers. 

Since the above report was made, your committee has been 
in communication with the chairman of the Motor Application 
Committee of the Electric Power Club, and the suggestion has 
been made by this committee that the matter of standardization 
of crane, turntable and transfer table motors be also taken up 
with the electrical engineers of steel plants and also with a com- 
mittee of crane builders. Progress, however, in obtaining co- 
operation of the last two named committees has been slow, but 
it is anticipated that we will be able to get all the people inter- 
ested in this work together shortly. The work of this committee 
requires co-operation of all users of this class of equipment. 
The work of this committee must naturally proceed slowly as 
it involves changes in present standards that will require some 
time to determine. Your committee hopes to be able to present 
more definite data at the next semi-annual meeting, and invites 
suggestions and discussions on this work. Your committee is 
also of the opinion that it would be a good plan to consolidate 
this committee with the committee to establish sizes of ball or 
roller bearings for motor equipment. 

Committee: H. C. Meroy, New York Central, chairman; 
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C. J. Caustanp, Pennsylvania; J. E. Garpner, Chicago, Bur- 
lington & Quincy; A. J. Farretty, Chicago & North Western; 
P. L. Batrey, Arnold Company; T. V. Bucxwa ter, Pennsyl- 
’ vania. 


Weadligints* 


J. L. Minick, Pennsylvania, chairman; C. R. Succ, Atlantic 


Coast Line; J. J. Hacx, Southern Pacific;  E. W. JANSEN, Illinois: 


I ae 


Central; PENNINGTON, Chicago, Rock Island & Pacific. 


Metal Conduit Specifications’ 


J. L. Minick, Pennsylvania, chairman; J. A. ANpREucETTI, Chi- 
cago & North Western;:A. L. Cuarin, Illinois Central; A. S. 
ScHuUMAN; C. J. CaUsLanp, Pennsylvania; F. J. Hitt, Michigan 
Central. 


Data and Information 


The report of your committee this year is somewhat more com- 
prehensive and a greater number of roads are listed than in any 
of its previous reports. The scope has been broadened so as to 
include lifting. magnets, magnetic chucks and arc welding equip- 
ment, but in general the same outline of information used in past 
years has been followed with the result that we have a more or 
less reliable basis of comparison which shows the trend of the 
general practice in electrical equipment on railroads. 

Another interesting feature in this year’s report is that part 
pertaining to car lighting generator bearing failures, and bear- 
ing maintenance. A very large percentage of the ball bearing 
failures are shown to be due to improper mounting rather than 
to faults in the bearing itself. 

The large table No, 1 contains much information on the indi- 
vidual equipment of each road, and a careful analysis of certain 
classes of data will undoubtedly yield interesting facts; your 
committee will only attempt, however, to point out the salient 
features. 

Probably the fase interesting data is that of car lighting costs, 
and it is a significant fact that most of the costs are obviously 
based on carefully kept records instead of being rough estimates 
as in previous reports. It will be noted that for the most part 
these costs run about $2.00 per 1,000 car miles. The greater 
accuracy of the cost data this year is undoubtedly due to the fact 
that this information was requested to be in accordance with the 
accounting methods of the Interstate Commerce Commission. 

In belt mileage there seems to be the usual wide discrepancy 
in values. This is probably due to different operating conditions, 
variation in care of belt maintenance and also to the degree of 
care with which belt records are kept. 

Referring to the comparison in Table No. 2 it. will be noted 
that marked progress has been made during the past six years 
in certain lines, while other classes of equipment have actually 
shown a loss. The increase in electric lighted cars from 11,017 
in 1911 to 20,841 in 1916 is especially interesting. It should be 
pointed out, however, that this data simply represents the total 
amount of equipment reported to the committee. In making 
comparison of totals the total mileage of the roads reporting 
should be considered. 

The number of ball bearing generators in service has shown a 
substantial increase over the past year. Gasoline engine motor 
cars, on the other hand, show a decline. 

In electric headlight equipment the data would indicate that 
practically all new equipment has been of the incandescent type, as 
the number of arcs is about the same as last year while the 
incandescents have trebled: 

The number of a. c. arc lamps is about the same as in 1914, 
_and considering the mileage of roads reporting this represents a 
great decrease in the use of arcs. The 1915 figure is probably in 
error. The lamp data shows that although there has been a big 
increase in the number of 100 vacuum type mazdas, there has 
been no increase in larger sizes of vacuum type. The gas filled 
lamps, on the other hand, show a wonderful increase in all sizes. 

The section covering motors is more complete than has been 
the case in any previous report. Fifty-six roads are included, the 
aggregate mileage of these roads being about 65 per cent of the 
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total for the country. This is a considerable increase over the 
1915 report, in which 37 roads, with an aggregate mileage of 
slightly less than 50 per cent of the total for-the country, were 
included. 

Of the motors reported, those using direct. current represent 
52.4 per cent in number and 47.4 per cent of total horsepower, 
the average horsepower of the direct current motors being 15.82. 


_ Three-phase motors constitute.39.9 per cent of the total number 


TABLE II 

ELECTRICAL EqurpMENT In U. S. anv’ CaNnapa 

Totals reported 
pay ies 


0 ee 7 
: 1911 1912 1914 1915: 1916 
Number of roads reporting idl 58 67 78 76 
Electric lighted cars..-..- UPON oslo 8,930 18,793 20,841 
Cells,; lead; battery... -.-:. . 202,744 222,989 259,842 307,147 292,568 
Cellsv'nielkell Prony seit eet SUOF FOL. SSS 36,653 64,343 
Straight storage cars...... WSYhPy RUS PRIVY 24,042 3,245 
Head-end generator sets... 192°. = 291 « +273 273 335 
Axle generator cars, 60 and pet. ; 60 volts 232 320 
BOM VOLESH “fein sro sce wateronee me 5.900 7,198 12,458 +30 “ 13,039 6,186 
as a ee 24 es 577. 690 
gall bearing generators...  ....+ a ioboc 1,652 5,417 
WATER FOR BATTERIES— } 
Distilled water ...... EP onises f FPous 116 24S en S7 
Dap: Waters. wsme se ceieoe Rae ernie tine oe OT, ; 54 >: 69 
Pipe condensation ..... mereieze eaten 15 ie ;15 
Filtered water BacBeBonS! “eohue Lees ratte 10 be ea 
INDUSTRIAL. TRUCKS— - ‘ : 
Baggage handling ...... Celts 2 ae 187 178 218 
Preight house Gace adays) © tees, ot SE24 A 132; |. 148 
Battery and commissary. ..... < ..... 14% ‘ 14 13 
Wlectric) tractors eestor ee Serle = 1 1 2 
Shop trucks: | suesa sete niistiecs oO Gre Rene ; 48. 61 
Motor Cars OPERATED ON 
RartLts FOR PASSENGER 
TRAFFIC— : 
Straight yeasolinemcanseiereueeester a ae save 197 184 112 
Gas electric cars....... ae aes erqeele 30 18 32 
Erectric HEapLtigHts— io : 
20g ERA PCG occ 12,432 16,446 16,306 
Incandescent ence metic 932 1,287 = 3,510 
Lames— : 
Are lamps, a. (Cha oerianre 9,600 4,206 9,060 
Are lanips, :d)) casemate 8,096 i. 3298/0 4,350 
Magnetite arc lamps..... 1,429 = TEATS 2,307 
Flaming arc lampsi....: 1,252 1,726 477 
Cooper Hewitt’s ....... 1,516 PRAY 936 
Ouartztubege cries 55 : 42, 40 
INCANDESCENT LAmps, Vac- 
uum Type— 7 | 
100 watt Mazda mae T5567 Como ls A0S 
150 watt Mazda 9,030 10,729 8,863 
250 watt Mazda.. 116205 12,038 8,977 
400 watt Mazda 1,576 2,495--» 1,496 
500 watt Mazda 734 2,318' 2,076 
i 
INCANDESCENT Lamps, Gas- | 
filled Type— . oar 
100 watt Mazda... Br seio.< snes vere 356 9,200 
200 watt Mazda....... area Sthiante avarne 370 8,898 
300: watt WMazcdamaeraci Pick Seaces aa « ee SOR aw de 7, 
AQO: watt. Miazclasrrers cite svete rece siete = #340 = °2;292 
B0O0swatt Mazdaen amr eiesce lathe Soe 86 1,085 
750: watt Mazda....... 211 521 
1,000 watt Mazda....... Hale 189 
Generators, a. c. (Total 
hay bboaleycha) WW noe Claim b uo du ccs ateyeras Panto 264 433 325 
Motal hp. a, e, generators | ~... . 123,401 139,541 .201,883 
Generators, d ec. (Total z 
Thum ber )- siewtovers « «.cke wus eieus 566 772 639 
Total hp. d. c. generators 65,077 81,272 70,250 


and 45.3 per cent of the total horsepower reported. The average 
horsepower of the three-phase a. c. motors is 19.8. 

The grand total of all motors reported this year amounts to 
16,992, representing a total horsepower of 297,160. This is a 
very considerable increase over last year’s report, in which 11,546 
motors were shown, totaling 183,077 horsepower. 

It is gratifying to note that a number of roads not heretofore 
reporting have done so this year, the number sending in new 
reports being considerably greater than those failing to report 
this year. 

It is the belief of your committee that the: additional data in- 
cluded in this report is of considerable value and that the widen- 
ing of the scope of data included will make the report worth 
more, not only to the association but to the individual members 
contributing. 

Committee: Epwarp Wray, Railway Electrical Engineer, 
chairman; C. J. CausLtanp, Pennsylvania; J. E. Garpner, Chi- 
cago, Burlington & Quincy; B. F. BirsLtanp, General Electric 
Company; G. W. Cravens, C. & C. Electric Company; J: R. 
Stoan, Pennsylvania; E. W. JANsEN, Illinois Central. 
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October, 1916 


Shop Practice 


In accordance with the instructions of the executive com- 
mittee, the work of the committee on shop practice is divided 
in three groups, as follows: Sub-committee “A” on compressed 
air and its application. Sub-committee “B” on electric weld- 
ing. Sub-committee “C” on maintenance and repairs. 

In view of the fact that all railroad men have been working 
under extremely high pressure during the past year, the sub- 
committees are to be commended on the excellence of their 
reports, especially when it is realized that to do this work at 
all meant more than the usual personal sacrifices. 


E. WANAMAKER, 
Chicago, Rock Island & Pacific, Chairman. 


Sub-Committee °“*A’®’ on Come 
pressed Air and Its 
Application 


Your last year’s committee on compressed air covered the 
subject of its generation almost exclusively, but it was suggested 
that in this year’s report they take up the uses and abuses of 
compressed air in shops, yards, etc., and the comparison of 
electric and pneumatic tools. 


The Uses of Compressed Air in Railroad Shops 


Compressed air, which was used before electricity as a trans- 
mitter of power, is used in practically every railroad shop in the 
country, and besides being used it is also much abused at many 
of these points. 

Compressed air has the possible advantage over electricity in 
that means of utilizing it can be cheaply and easily manufac- 
tured. It is largely owing to this fact that it has been developed 
for railroad shop and yard work. It has the same disadvantage, 
however, as using a cheap but inefficient motor; the first cost 
is low, but the consumption of power is high. This might not 
at first be thought a serious consideration, but a check of sev- 
eral shop power plants showed that, not deducting for the ex- 
haust steam, the shop air compressor consumed over 30 per cent 
of all the steam generated by the shop power plant. This is 
due to several causes: 

First: The use of compressed air has been developed for va- 
rious classes of shops, so that each individual shop, roundhouse, 
and yard that makes up a group of railroad shops has its air 
lines and air tools. 

Second: Unlike an electric transmission system a compressed 
air system can have a large number of leaks without causing 
immediate trouble other than an increased load on the air com- 
pressor. Even with careful supervision over the pipe lines there 
are always leaky valves developing, valves carelessly left par- 
tially open, or leaky air hose left with the pressure on it, while 
the compressor runs on twenty-four hours in the day, compress- 
ing air to be wasted. 

Third: As shop air lines are constantly being extended it 
is not at all unusual for the feeders to be outgrown. This is a 
frequent cause of complaint, the complaint usually being that 
the compressor is too small, whereas, in this case, the com- 
pressor is not to blame. In planning a compressed air system, 
it is most important to get the mains and the reservoirs large 
enough not only to take care of the present but to provide for 
future growth. 

Fourth: As a usual thing, the smaller shops are dependent 
on one air compressor alone, which require that this compressor 
run twenty-four hours in the day and three hundred and sixty- 
five days in the year. The result is that the engineer postpones 
any heavy repairs on the air compressor as long as he possibly 
can with a corresponding increase in the coal bill for which the 
air compressor is often not suspected. 

All in all, the air compressor and the compressed air equip- 
ment are very important and useful parts of a shop’s equip- 
ment, but unless great care is taken they are much less efficient 
than they should be. 


Electric Driven Compressors 
Where a steam plant is necessary regardless of whether a 
steam driven compressor is installed or not, especially when the 
greater part of the exhaust steam is needed for heating during 
a portion of the year, and further when a steam driven com- 
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pressor can be installed in the power plant, and operated with- 
out the need of an additional engineer, an electric driven com-,; 
pressor cannot show much, if any, economy over the steam 
driven machine. The advantage of the electric driven com- 
pressor is that it can be located near the point where the air 
is to be used, consequently long pipe lines can be avoided. With 
the electric compressor, as well as with the steam driven com- 
pressor, a certain amount of power is consumed. whenever the 
machine is running idle. A recent check of a motor driven, 
two stage compressor of about 500 cu. ft. per minute capacity 
showed that the electrical energy used, while the equipment was 
running unloaded, was 17 per cent of the amount used when 
compressing air to 110 Jb. pressure. Of course, this loss may 
be avoided, especially with the smaller sized compressors, by 
installing an automatic starter for the motor controlled by a 
pressure regulator. The advisability of such an installation de- 
pends largely on whether there are fairly long periods when 
the compressor may be shut down if equipped in this manner. 
If the compressor is required to start every few minutes, it 
would be more advisable to install an unloading device on the 
compressor and permit it to run constantly at full speed. With 
a plant using one or more electric driven compressors, the 
question of whether the equipment shall be located at one point 
or distributed at two or more points depends on the first cost 
of the installation, the cost of transmitting the air and the elec- 
tricity to the desired points, the diversity of the load and the 
cost of attendance.’ As these items vary for.each plant con- 
sidered, it is impossible to lay down a dehrite rule. In the case 
of yards located at considerable distances from the steam power 
plant, it would be cheaper to transmit the electricity to the de- 
sired point than to transmit the compressed air with the same 
percentage of loss. On the other hand with a fairly compact 
shop plant, the additional cost of a pipe line designed to trans- 
mit the air efficiently from one point would be counterbalanced 
by the advantage of having all of the compressor equipment 
under one supervision. 


Design of a Compressed Air System 


The diagram submitted shows an example of compressed air 
piping at a roundhouse point. It should be noticed that care 
has been taken to have several air reservoirs distributed through- 
out the plant to reduce friction loss and to keep the air as dry 
as possible, each reservoir acting as a settling tank for moisture. 


Note: Based on a Compressor with capacity 
of about 900 cu. ft. Free Air Fer Minufe. 
i 3 
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Fig. 1—Diagram of Compressed Air Piping for Round House Plant 


Care has also been taken to have the mains to the different 
buildings, or groups of buildings, separated as much as possible, 
and to have valves located in the different lines. By this ar- 
rangement, the air can be shut off from all shops not requiring 
air, as at night or on Sundays, and still leave the line to the 
roundhouse, etc., open. This has the added advantage of per- 
mitting repairs to be made on part of the system without the 
necessity of shutting down the compressor. 


Cost of Leaks in Air Lines 


The importance of keeping all unused air lines shut off and 
of keeping all lines in first-class condition may be emphasized 
by taking a concrete example. 

Assume that air compressed to 100 lb. pressure at a certain 
shop is costing 4 cents per thousand cu. ft. of free air. A hole 
1/16 in. in diameter in the pipe line would permit a leak of 
6.45 cu. ft. of air per minute, which would cost 37 cents per 
day of 24 hours, or $135 per year. The following figures are 
the results of a test for air leakage, which was run at the shop 
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and. terminal plant of a railroad entering Chicago. At the time 
the test was run, there were no machines in operation, there- 
fore, the total leakage was due to leaks in the air line. This 
line was originally installed about 25 years ago, but has been 
continually repaired and added to since then. The figure for 
steam consumption per cu. ft. of air was obtained in a previ- 
ous test. 

After the system was filled to a gage pressure of 100 lbs. 
per square inch, the compressor was stopped. When the gage 
pressure had reached 40 1b., the time was noted. The amount 
of free air pumped into the system was 21,331.4 cu. ft. As the 
system started to leak as soon as pressure was put into it, the 
time of leakage is calculated from the time the engine was 
started. The pressure during this time was variable, going 
from 0 Ib. gage to 100 Ib. and back to 40 lb., but as the flow 
of gas through an orifice is practically constant when the in- 
side pressure is more than two times that of the receiving gas, 
it is safe to assume that the rate of leakage was constant. 

A leakage of 15 per cent was assumed during the time the 
compressor was working. Substracting this amount from 
21,331.4 cu. ft. there was .85 x 21,331.4 or 18,131.69 cu. ft. of free 
air in the system when the compressor was stopped. As there 
was no way to determine whether or not the 15 per cent leak- 
age assumed was correct, it was necessary to assume a per cent 
loss and after calculating check back and find how the assumed 
and calculated values checked. 


Data 
Total air in system at 100-lb. gage.......... 18,131.69 cu. ft. free air. 
(V1— V2) P1 — P2 
Now — = — 
(V1) Pi 
V1 = original volume of free air at....100-lb. gage = 18,131.69 
V2) = volume freemair tats eee eerie © 40-lb. gage = ? 
Pi = absolute’ pressuxesatee estes sie 100-lb. gage = 115 lb. 
PP? =sabsolute s pressure atc eerie 40-lb. gage = 55 lb. 
Let V = (V1 — V2) = volume free air leaked. 
(P1 — P2) (115 — 55) 
Now V = Vi Sap = 18,131.69 ——————. = _ 9,446 cu. ft. of 
1 = 
free air in 55 minutes, or 171.7 cu. ft. per minute. 
Steam used per cu. ft. of free air = .1306 lb. 


Steam used in pumping leaking air, per minute, 


1306 171.7 = 22.4 by ="15344 Ib. per hour. 
1,344 
—-— = 44.8 boiler hp. hrs, at $.005 per boiler hp. hour. 
30 
Cost per hour of leaks = $0.224 
Cost per day (24 hr.) = 5.38 
Cost per month ...... = _161:40 
Cost per. years’ 9s5..9% = 1,936.80 


Add 50% for machine leaks when shop is in full operation = $2,905.20. 
Cost of producing 1,000 cu. ft. of air equals 
-1306 &K 1000 


30 
Note that the air compressor was not as efficient as it should be. 


Electric vs. Pneumatic Portable Tools 


x 005) == "$:02175 


Portable tools can be divided into two classes: rotating tools 
such as drills, motors, etc., and reciprocating tools such as rivet- 
ing hammers, etc. For the reciprocating class the electric tool, 
in its present stage of development seems to have no advan- 
tages over the air tools. It can merely be said that for light 
work there are electric tools of this type on the market. For 
rotating tools the following table shows some of the advantages 
and disadvantages of the two types: 

Lightness. ‘The penumatic tool is considerably lighter and 
consequently easier to handle than the electric tool. The in- 
creased weight of the electric drill over the pneumatic varies 
roughly from 10 per cent in the larger sizes to 25 per cent in 
the smaller. However, the electric tool has the advantage that 
a portable electric cord is much easier to handle than an air 
hose. It has also sometimes developed that two men with an 
electric drill will accomplish more than twice as much work as 
one man with a pneumatic drill. 

Efficiency. This is the chief advantage that the electric tool 
has over the pneumatic. This is due first to the tool itself, and, 
especially as the work varies from second to second, a portable 
pneumatic tool speeds up the instant the load is removed, thus 
taking more and more power as the load is released, whereas 
with the electric tool the exact reverse is true. On full load the 
efficiency of the electric drill varies from 30 per cent in the 
smaller sizes to as much as 80 per cent in the larger sizes, 
whereas the efficiency of the pneumatic tool varies from about 
18 per cent to 35 per cent, depending on the size. The total 
system of generation and transmission is usually more efficient 
in the case of electricity than in the case of air. The instant 
current is turned off of the electric tool the supply of energy 
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ceases, there are no valves, air hose, couplings and pipes to leak. 

First Cost. The first cost of a pneumatic tool is less than that 
of an electric tool. ' ie : 

Trouble from Freezing. Electric tools are free from’:the an-. 
noyance that the air tools often give of freezing up in the winter 
time, 

Cost of Maintenance. Accurate figures have not been obtained 
by the committee as to relative cost of maintenance of the two 
types of tools. Electric tools will not stand the abuse that 
pneumatic tools will, but where not abused it is probable that 
the maintenance of electric tools is considerably less than that 
of pneumatic. P 

Sub-Committee: J. E. Garpner, Chicago, Burlington & 
Quincy, chairman; H. R. Bucks, Oregon Short Line; T. F. 
Fottz, Washington Terminal Company; L. M. Gazin, Atchison, 
Topeka & Santa Fe; d. C. Metoy, New York Central; R. M. 
Pacuaty, Chicago, Rock Island & Pacific. 


Sub-Committee °°? om Electric 
Welding 


In submitting the following report your committee has made 
an attempt to outline the elementary principles of electric arc 
welding practice. The application of the process in railroad 
shops is comparatively new, and it is possible that within a 
very short time the practices here recommended will become 
obsolete due to the rapid progress which is being made in the 
art of welding. The lack of authoritative literature on the sub- 
ject, together with the great rapidity of the introduction of the 
process, has left each shop to proceed on its own resources and 
to solve the problems of welding through the ingenuity of the 
shop organization. The purpose of this report is to summarize, 
so far as possible, the information available on the installation 
and use of electric arc welding equipment in railroad shops. 

Electric arc welding is a particular kind of autogenous weld- 
ing. Autogenous welding is the, kind of welding which is ac- 
complished with heat but without the use of pressure. Forge 
welding, butt and spot welding are welding processes in which 
both heat and mechanical pressure are used to produce cohesion 
of the molecules of the pieces being welded at the point at 
which they are to be joined. The difference between these two. 
kinds of welding is entirely due to the difference in the intensity 
of the heat used. At the present time there are three methods 
in use of producing a heat of such intensity that metals can 
be welded without the use of mechanical pressure—the thermite 
reaction, the oxy-acteylene flame, the electric arc. 


The Electric Arc 


An electric arc is formed when a current of electricity passes. 
from one conductor to another conductor through an incan- 
descent vapor. The conductor from which the current passes. 
into the incandescent vapor is called the positive electrode or 
anode, the conductor to which the current passes from the in- 
candescent vapor is called the negative electrode or cathode. 
It is estimated that approximately 75 per cent of the resistance 
offered to the passage of the current of electricity from anode 
to cathode occurs at the anode. The remaining 25 per cent of 
the resistance is in the vapor and in the cathode. It is gen- 
erally believed that more resistance is offered by the cathode 
than in the vapor of the arc in short arcs such as are used in 
the arc welding process. Since the amount of heat in any part 
of the arc or electrodes is proportioned to the amount of re- 
sistance offered by that part of the arc to the passage of the 
electric current, it is evident that the visible arc or flame liber- 
ates a comparatively small percentage of the total heat of the 
arc. The largest part of the heat is liberated at the positive 
electrode. 


Polarity for Welding 


Owing to the fact that the heat of the arc is produced in 
greater quantity at the positive electrode, in electric arc welding 
practice it is necessary to consider the matter of popularity. 

In metal electrode welding, the mass of the welding wire 
which is being melted is usually less than the mass of the piece 
to which the metal is being added so that the amount of heat 
lost by conduction is greatest on the piece to which the metal 
is being added. For this reason, the piece of greater mass is 
made the positive electrode. In certain cases, such as the weld- 
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ing of: very thin sheet metal, the wire being melted is made the 
positive electrode in order to reduce the tendency of the arc 
to burn through the sheet metal. 

- When: the slag coated electrode is used, the wire is usually 
made the positive electrode. In this case, the arc operates under 
a slag so that a considerable percentage of the heat otherwise 
radiated is retained in the vicinity of the arc. This conserva- 
tion of the heat on the heavier piece permits the higher rate of 
melting of the metal being added. 

It is necessary to use the carbon electrode as the cathode in 
carbon electrode welding. The current of electricity must pass 
from the metal to the carbon, otherwise the carbon will be car- 
ried into the metal being welded causing hardness. 


Amount of Heat Used in Electric Arc Welding 


The electric arc transforms electrical energy into heat. The 
heat is intense because a comparatively large amount of energy 
is transformed into heat in a small area. One kilowatt hour 
of electrical energy is equivalent to 3,413 B.t.u. of heat. Thus 
an arc in which the current is 150 amperes and the voltage be- 
tween electrodes is 20 volts will transform three kilowatts of 
electrical energy into 10,239 B.t.u. in one hour of continuous 
operation. Similarly, one cubic foot of acetylene gas burned in 
oxygen will produce 1,555 B.t.u. of heat. Thus the three kilo- 
watt hours of electrical energy will produce the same amount 
of heat as may be produced by approximately 6.6 cu. ft. of 
acetylene burned in 7.5 cu. ft. of oxygen. 

The amount of heat which can be used in the arc welding 
process depends largely on the size of the wire electrode being 
used. The kind of wire being used and the character of the 
piece being welded also affect this factor. The following table 
to itsshows the limits indicated by present practice: 


Kind of 

Electrode Size Current Voltage Work 
Mild Steel.... lg in. 60-90 14-16 2 in. flues 
Mild Steel.... 5/32 in. 110-140 16-20 5 in. flues filling 
Mild Steel.... 3/16 in. 150-180 18-25 filling 
(Capon easy ae 3% in. 250-350 35-50 cutting welding 
arponuis s.>. lin. 350-500 35-50 cutting welding 


Elementary Metallurgy 


The electric arc welding process (metal electrode) is, reduced 
to its simplest terms, simply a means of melting steel wire and 
allowing it to flow while molten on to another piece of steel 
which has been melted over a local area. There are three im- 
portant changes which occur in the metal during the process: 


1. The effect of mechanical treatment is entirely eliminated 
over the area heated to a plastic or molten state. The metal 
thus affected becomes cast steel. 


2. Unless the molten metal is protected by a slag covering, it 
is oxidized to a certain extent by the oxygen present in the at- 
mosphere. This oxidation tends to make the metal cold short. 


3. A large percentage of the impurities (carbon, manganese, 
nickle, vanadium, chromium, etc.), which may be present in the 
steel effected by the welding process before the operation, is 
vaporized or oxidized and has disappeared after the operation. 


The net result is that in bare wire welding, the metal obtained 
in the weld may be as high in tensile strength as the metal in 
the original piece being welded. It will be rather low in ductility, 
but will be soft if the metal before the operation was not over 
35 per cent in carbon content. 

No method has been demonstrated up to the present time of 
giving the cast steel in the weld the same characteristics to the 
same degree as those found in flange steel. 
strength can be obtained and equal softness; but with the pres- 
ent development of the art of welding with the electric arc, equal 
ductility has not been produced. The cast steel in the weld may 
have practically the same characteristics as the cast steel used 
in locomotive construction so far as tensile strength, ductility 
and softness are concerned. 

In spite of the comparatively low degree of ductility of the 
metal obtained in the weld, the process is entirely practical as 
a means of welding both cast steel and boiler plate owing to 
the fact that the welded area may be reinforced where great re- 
sistance to fracture must be produced. The net result of this 
practice is to stiffen the welded section to such an extent that 
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under severe stress the original and unwelded section will fail 
before the metal in the weld is strained to the point of rupture. 


Application in Railroad Shops 


The simplest application of electric arc welding in the railroad 
shop is the “building up” operation. Practically every steel cast- 
ing on the locomotive is subject to wear at several points. Wear- 
ing surfaces are rapidly worn down and bolt holes wear large. 

The metal electrode process should be used for these build- 
ing up operations for the following reasons: 

1. Locomotive steel castings welded with the carbon arc should 
be annealed before being put in service. The locomotive shop is 
not equipped to anneal castings. 

2. Metal may be more accurately placed with the metal elec- 
trode process than with the carbon electrode process. Time 
saved in the welding operation using the carbon arc is more 
than lost in the machining operations. 

3. Less skill is required to operate the metal arc than the car- 
bon are for building up operations. 

4. There is no possibility of hard spots when the metal elec- 
trode process is used for the operation. 

Most of the building up operations should be done with 3/16 
in. electrode. The use of smaller electrodes is not economical 
owing to the slow speed. The use of the larger bare wire elec- 
trode is not good practice owing to lack of control of the metal. 


Welding Boiler Plate 


Welding in the firebox should be done with % in. or 5/32 in. 
electrode. The best metal is obtained in the weld with these 
sizes. The amount of heat is as small as can be economically 
used. It is evident that owing to expansion and contraction 
difficulties, the quantity of heat it is possible to use in welding 
flues or firebox sheets is limited. 

The ideal preparation of a set of flues for welding is as follows: 

1. Put flues in exactly as if they were not to be welded. 

2. Fire the boiler, or, better still) send the engine out for a 
run. The object is to burn the oil out from under the beads of 
the flues. 

3. The flue sheet should then be brushed with a stiff wire brush 
or sand blasted. The object is to eliminate, so far as possible, 
the scale of oxide on the flue sheet and flues. Iron oxide is not 
a good conductor of electricity and causes difficulties with the 
arc which in turn may produce a poor weld. 

The welding of 2 in. flues is done best with % in. electrode. 
On sand blasted flue sheets 90 to 100 amperes is enough cur- 
rent. Flue sheets that have a thick coat of oxide require from 
120 to 130 amperes on this size wire. Five in. flues should be 
welded with 5/32 in. electrode with 120 to 140 amperes depend- 
ing upon the condition of the flue sheet. 

Cracks and patch seams offer the most difficult problems to the 
operator. A crack should be located and at least two inches be- 
yond each end a % in. hole drilled. The edges of the crack 
should then be beveled so that the operator can get at them to 
make the weld. On horizontal cracks, the lower edge does not 
need to be beveled but should be chipped to give a square edge. 
The upper edge should be beveled at least 45 deg. Vertical 
cracks should be beveled from 30 deg. to 45 deg. on each side: 
The less material removed from the crack the better. All welds 
should be made with the least possible amount of metal between 
the edges of the original material. 

‘If the crack or seam is a long one, the metal should be put in 
alternate sections 4 in. to 6 in. long. The operator should put 
one layer of metal in each of these alternate sections starting 
near the center of the seam or crack. The open sections can 
then be filled starting at the coolest point. Successive layers of 
metal can then be applied until the seam is completed. Wherever 
possible, at least 30 per cent of reinforcing should be applied so 
that the cross-section through the weld is 30 per cent greater 
than the section of the original plate. After each layer of metal 
is welded into the seam, it should be thoroughly brushed with a 
stiff wire brush to remove as much of the oxide as possible. 
Where the sand blast is available and can be used on the job 
the results will justify the expenditure of time necessary to clean 
the metal between layers. The same general care should be 
taken in the welding of locomotive frames as in the case of the 
boiler plate of the firebox. ; 

Aside from the use of judgment in the application of the elec- 
tric arc welding process, there are three rules which the operator 
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must observe to get the best results in welding: 1. Hold a short 
arc. 2, Use a low current. 3. Always work on clean metal. 


Cost Data 


The following cost data were obtained in one of the largest 
locomotive shops of the country. Period covered seven months, 
cost of electric power 2 cents per k. w. h. 
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ballast. The inherent characteristic of the generator is such that 
the short circuit current is limited without the use of resistance 
ballast. Inductive ballast is used to stabilize the arc. This type 
of equipment is made only in single operator units. With this 
type of equipment the low voltage distribution system may be 
eliminated. The motor is fed directly from the shop lines. 
Single operator units of either type may be made portable. 


TABLE I 
STATEMENT OF WORK PERFORMED WITH ELECTRIC WELDER AT LOCOMOTIVE SHOPS. . 
Actual Total Time Cost 
No. of time cost, preparing preparing Total Average 
No. of flues welding, actual for welding, for cost to cost per 
1916 engines welded hr. and min. Labor Material Current welding hr. and min. welding engines engine 
T rie Ades a 2 eee 247 42,640: Dixie Sle $990.77 $181.09 $843.72 $2,015.58 2220 450 $80.39 $2,093.97 $8.48 
Total Ae sin Hee A fogn 5,034. 1,473 245” = 520,01 85:47 442.16 1,047.64 2400” 10.08 1,056.12 5.39 
Total for smoke consumer tubes..... 244 1,946 122” 00% 42.85 9.76 36.60 89,21 se waters 89.21 Fer! 
MISCELLANEOUS JOBS ' 
No. of ; Saving per 
1916 operations Labor Material Current Total cost Other method Saving operation 
Jantaryome se ose t shee nets eeketn ie nea 461 $183.07 $47.88 $155.70 $386.65 $1,176.58 $789.93 $1.71 
February. fen) conc eee 433 218.08 59.89 187.70 465.67 1,558.56 1,092.89 2.52 
ie Ge 584 253.37 64.57 199.13 517.07 1,871.44 1,354.37 2.32 
325 172.92 42.62 134.26 349.74 1,232.65 882.91 PRY fps 
487 228.22 60.62 175.528 464.36 1,839.54 1,375.18 2.82 
579 210.09 54.94 175.52 440.55 1,726.10 1,285.55 BIZ, 
523 165.97 41.12 135.62 342.71 1,501.33 1,158.62 2.22 
Total S weno ottawiownie: crea eenonen oetoneioneLs 3,392 $1,431.72 $371.64 $1,163.39 $2,966.75 $10.906.20 $7,939.45 $2.34 
RABEL 
MISCELLANEOUS ELECTRIC WELDING—LOCOMOTIVE SHOP—ONE MONTH 
No. of : 

Description operations Labor Material Current Total cost Other method Saving 
3ump devi’ ih So WS ince ee In eres Ue” ote ee ae 1 $1.41 $0.33 $1.35 $3.09 $5.00 $1.91 
pee i ieee eee Meare Aon Gea OC aaaeiedo nr abt an mIG. oe 102 11.79 2.48 9,55 23,82 80.58 56.76 
Brake Hanger Bracket 25.0... 02 ees sp ece eet ee eres tne meer snenes 1 33) .02 .08 43 1.25 82 
Crossheads—Piston 17 12.96 3.29 10.53 26.78 133.06 106.28 
Crossheads—Valve 22 2.39 255 1.95 4.89 13.93 9.09 
Crosshead Pins 3 .83 .18 ays) 1.54 4.47 2.93 
Deck Castings 7 30.23 6.90 20,70 57.83 484.32 426.49 
Driving Boxes 4 2.10 4.20 1.80 8.10 105.48 97.38 
Driving Box Lugs 10 1.08 5a .88 2.29 6.90 4.61 
Praiies i.) .0.. tice terete ereeors 2 5.11 25 4.20 10.56 57.84 47.28 
Frame Cross Brace 1 2.59 .60 1.80 4.99 2075 16.76 
Eccentric Blades’ srccncn ele crane crohe snail tate ete aetna ets to faletlen «eu jeilene) -n-0era erent 5 .96 vail .86 2.03 5.44 3.41 
Eccentric Crank 1 19 .05 a5 .39 12.74 12:35 
Giride. Bars: sicccgieareccte u eves coin eee cae Mee stioteserolio sist = splot onclaicliogse! svete mee 69 99.52 28.91 86.33 214.76 423.03 208.27 
Guide Yolsed oo vice tiers ten roots tia ter ee en neneenen ens 1 66 10 Tale 1.06 9.74 8.68 
Levers—Combinatiome Geetewss crt weer er netcesret he eemr stale 17 2.66 60 173 4.99 32:37, 27.38 
bol) oa ee ere 6 8 cr SES ar ola, oto 0.0 Makoto ebony, Olu CONS O00 33 3.44 89 2.30 6.68 36.41 29.73 
Link angers. in de eave cre net ee ee enna a eins ers ouster sis! ker omersmenes 12 1.36 .30 .90 2.56 3.24 68 
Link: Saddles: «ac. sc acerge ie oe oe trie a eda eta y sake ode: RTO ReRAas 2 259 10 45 1.14 8.32 7.18 
Miscellamecus.) F7..<cc si cect aie aierterMevermae em enetees) see ilerre  eileke enon tetera Saree matets 6 1.48 .19 250 Dilys 4.86 2.69 
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Electric Arc Welding Equipment 


The power required for electric arc welding at the electrodes is 
low voltage direct current. The metal arc requires from 75 to 
180 amperes at 15 to 30 volts. The carbon arc requires from 250 
to 400 amperes at 40 to 50 volts. The only object in using weld- 
ing equipment is to get power of this nature economically. So 


far as welding is concerned, quite as good work can be done with ~ 


resistance ballast across 250 volts direct current, as is possible 
with the most refined and highly developed equipment. 

There are two types of equipment on the market which may be 
described as constant voltage type and variable voltage type. 

The constant voltage type is a motor generator set which takes 
power from the shop mains and delivers on the generator end a 
practically constant low voltage. A resistance ballast is used be- 
tween the generator and the welding arc to limit the current at 
short circuit. The power used in the resistance ballast is of 
course wasted. The low voltage direct current power is carried 
over the shop on heavy cable to the welding outlets. 

The variable voltage type is a motor generator set which takes 
power from the shop mains and delivers on the generator end 
the voltage required for welding without the use of resistance 


Large constant voltage multiple operator units must be located 
at definite points, although the resistance banks may be made 
portable if the low voltage distribution system is made heavy 
enough to eliminate interference between operators due to line 
drop. Pena re 

The desirability of any installation of welding equipment is 
based on the following points: 1. Reliability—flexibility. 
2. Operation cost. 3. Cost of the installation complete, including 
wiring, apparatus and installing. 

At the present time it appears that 150 amperes capacity for 
each 5 tracks in a locomotive shop or for each 15 tracks in an 
engine house is sufficient capacity. 


Protective Shields 


An operator’s shield for building up operations which is very 
satisfactory can be made of a soft pine board with a small slot 
in it for the protective glass. Firebox work requires a head 
shield which should be made of hard fibre. The color combina- 
tion in the protective glass is of importance. Two red glasses 
and one blue glass or two reds and a green give good results. 
Special glass put out under various trade names is also satis- 
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factory. As a rule the operator tries several combinations until 
he gets one which seems to suit his eyes best. 

While the operator is working outside the fire box, the other 
men should be protected from the light of the arc by screens. 
Portable screens should be used where work is done on the floor. 
Where a regular welding bench is provided, permanent curtains 
should be provided. The screens should always be designed to 
protect the crane operators from the flash of the arc. 


Shop Organization 


The importance of the welding operations in a locomotive 
shop or engine house is so great that it is necessary for the work 
to be done under the direction of a competent and responsible 
member of the railroad organization. On a large system where 
welding is done at several shops and engine houses it has been 
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Fig. 2—Curves Showing Comparison Between Cost of Gas and 
Electric Welding Based on Heat Units per Hour. 


found that unless some special effort is made in that direction 
the practice of one shop has not usually conformed with the prac- 
tice of the other shops of the system. This leads to a situation 
in which it is impossible to place the responsibility for the success 
or failure of the process. A very successful solution to this 
problem has been made on several systems by the appointment 
of a supervisor of electric welding who is responsible directly to 
the general superintendent of motive power. The supervisor of 
electric welding makes the practice of the several shops uniform 
so that the failure of one shop to get results from a process can 
be traced to its origin. The supervisor of electric welding must 
find a successful way of doing each job and require every shop to 
perform the operation according to his instructions. 

When failures of certain operations are reported the supervisor 
of electric welding can readily locate the trouble since it can 
only be due to the failure of some particular shop to follow his 
instructions. In this plan the operators in each shop are re- 
sponsible to the local shop authorities in the usual way and are 
responsible only to the supervisor of electric welding for the 
manner in which they perform the welding operations. The 
operators in a given shop are usually in charge of a foreman 
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operator, who assigns them to individual jobs and is responsible 
for their following instructions of the welding supervisor. 

Operators are obtained in most cases from a shop organization. 
On roads where an apprenticeship training is provided most of 
the operators are men who have just completed the apprentice 
work. It is desirable to have operators who have had general 
experience in a railroad shop. In shops which have a local 
electrician the care of the electric arc welding equipment is 
handled by the chief electrician. In engine houses the operator 
of the equipment is usually trained to give the equipment what- 
ever care is necessary. ; 


Standardization of Operations 


The tendency at the present time is to standardize the welding 
operations in the same manner that the machine shop and other 
operations have been standardized. Where welding operations 
are thoroughly standardized the work can be paid for on a piece 
work basis. The standardization of welding operations is com- 
paratively simple on systems which employ a supervisor of elec- 
tric welding. On other roads it is more difficult to standardize 
the operations, but the necessity for having them standardized is 
greater. Ninety-five per cent of the electric arc welding done in 
railroad shops is on operations which can be standardized. The 
following factors should be determined for each job of this 
nature: 1—Size of electrode, 2—Kind of electrode, 3—Current 
in the arc, and 4—Time required for the operation. 


Summary 


The application of the electric arc welding process to the repair 
work in locomotive shops and engine houses is a profitable 
proposition for the railroad. It is important to the railroads that 
the shop practice and shop organization be reduced to the most 
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Fig. 3—Curves Showing Relative Cost of Cutting Steel with Gas 
and the Electric Arc. 


economical basis at the earliest possible moment. While the say- 
ing effected by the application of the process was so great that 
up to the present time the application of scientific management 
to the electric arc welding practice has not been made to any 
great extent, it is evident to everyone who is interested in rail- 
road shop management that the time is coming when it will be 
necessary to cut down cost of this work to the lowest possible 
figure. This can only be accomplished by intelligent co-operation 
of the railroads along the lines of furnishing information on the 
results of their practice. 

Sub-Committee: H. C. Mertoy, New York Central, chair- 
man; S. T. Srxes, Southern Pacific; D. C. Writson, Union 
Pacific; Rospert KinKeEAp, Lincoln Electric Company; C. H. 
Quinn, Norfolk & Western; J. H. Bryan, Railway Electrical 
Engineer. 
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Sub-Committee “C” on Maine 
temance and Repairs 


Maintenance, as it is generally understood, covers upkeep, re- 
placement of broken and worn parts or renewals, while under the 
item of costs the labor and material must both be included. It 
will be the object of your committee to briefly mention the dif- 
ferent parts of equipment that we have thought advisable that are 
in use by all roads, so we have therefore taken them up sepa- 
rately as follows: 


Turntable Motors 


Tn 1914, at the regular meeting, the question of size of motor to 
use on a turntable came up and was discussed quite freely and it 
seemed at that time that there was quite a variation of sizes being 
used, such as 10, 15, and 20 h.p. and in some cases 2 motors 
of the same size. 

Immediately after this meeting your chairman had an occasion 
to make load and current tests on an 85 ft. table, and while mak- 
ing these tests it seemed avisable to get some direct data on 
motor sizes. Each of the results given are averages, which 
were taken from results that were practically constant and in 
each case the maximum load was put on the table that it would 
be expected to handle; that is a 142-ton engine. 


Watt hrs. 
per revolution Time in dale le. 
Test No. of table seconds required 
OS Che BOI ROS CPa RRO 235) 71% 14% 
RR A OED One OCHS 236.37 69 16.006 
Sao Met ROe Chae erences 285.44 68 20.2 


A standard portable Westinghouse watthour meter and a stop 
watch were used for making these tests. 
Test No. 1 was taken with as near ideal shop conditions as 
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Fig. 4—Underground Contacts for Electric Operated Turntable 


could be secured, that is, the engine was well balanced; clean 


circle rail and the motor handled intelligently. 

Test No. 2 was taken with the same kind of rail, but with an 
unbalanced engine, as is often done. 

Test No. 3 was taken with a very sandy rail and an ynbalanced 
engine. After a table of the same length and with the same load 
is in motion, we have found the average horse-power required 
to keep it in motion to be only six. 

In conclusion, from the results of tests taken under all con- 
ditions, we have found that a 15 hp.p motor will at all times turn 
the tractor wheel on the track even if the table is not in motion. 

As for the correct type of motor to use on a turntable, it is 
the opinion of this committee that a motor should be used which 
will have the greatest starting torque and in turn produce the 
greatest tractive effort. If direct current is the kind of current 
available, then a series wound motor would be recommended, and 
if alternating current is available the slip-ring type is recom- 
mended. The high resistance end-ring motor would be recom- 
mended as the next choice. The high resistance end-ring motor 
has been tried on turntables by different roads, but considerable 
trouble has been experienced from burning the insulation off 
the rotor bars, and from burning the end-rings open, which has 
considerably increased the maintenance cost. We might mention 
here that an argument is due from-this last statement. It might 
be argued that the bars do not need any insulation for running 
to which we fully agree, but they do need the insulation to give 
a starting torque of sufficient strength required to move a table 
from rest. 
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Considerable experimenting has been carried on with this high 
resistance end-ring motor rotor as to the insulation and rings in 
order to reduce the maintenance troubles and the final conclusion 
of these experiments will be given as follows: ‘The end-rings 
were replaced with an iron ring about 3% in. thick, which gives 
metal enough to rivet and electro-weld the bars to it, and each 
bar was insulated with mica then covered with an insulating paint 
before putting them into the slots, the paint being used only to 
keep the mica from chipping off, this motor repaired in this 
manner will give service; however, it is admitted it makes an 
inefficient motor, but as it is not in steady operation, this point 
is minor. 


Turntable Contactors 


Nearly all roads have had more or less trouble with the center 
contactors where an underground service is in use and this 
method of collecting and supporting the collector has not been 
much more than experimental, however, it has come under the 
head of repairs for a long time. The two types of construction 
herein shown have been in use three years without a single 


Fig. 5—Foundation Plan for Turntable 


case of trouble, therefore, no repair costs have been charged 
against them. 

Details of the bottom parts of the collectors-shown in Fig. 4 
are shown in Fig. 5. The pipe P in Fig. 5, which supports the 
contactor plate, is a heavy iron pipe screwed and riveted to the, 
threaded-bushing F. This bushing is screwed into the table sup- 
porting casting and then drilled from the bottom side before 
installation of the casting, so that after the supporting casting 
is placed the key can be placed from the top side, thus locking 
the bushing to the casting. 

Referring again to the left-hand part of Fig. 4, it will be noted 
that, beginning at the joint, the portion marked F is a piece of 
1% in. flexible steel conduit. You will note that there is no 
weight carried on it and it only has to turn the light collecting 
arm, therefore, its work is minute. 

In the right hand part of the same figure, this same section 
is a heavy steel pipe and it carries the weight of the collecting 
rings and support, which are raised % in. above the table top 
proper, also the collecting arm is fastened to the top of the pipe. 
The joint part in the pipe in this case is rei.forced with a 
clamp in addition to the coupling. 

In conclusion relative to the maintenance of turntables, it is 
safe to state that the majority of troubles with the electric 
equipment are traceable to some other defect of the table, such 
as long rails on the table or the leading in tracks which cause 
binding between the table and pit sides, or by engines getting 
off, or by unbalancing effects, all of which usually stop the 
motor in some manner or other. 


Repairs of Air Compressor Electrical Equipment 


It has become common practice during the past three years 
for the several roads to install air compressor units out in 
freight yards for the purpose of testing train lines and for in- 
spection of the air equipment on freight cars. As a rule these 
compressors are located at some point too far away from any 
steam source so have been designed to operate with electric 
power, being automatic in their operation, being actuated by the 
pressure of the air. 

Electrical equipment placed away from the regular shops is 
not under observation of workmen at all times and in fact only 
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when special inspection trips are made to it, therefore, is, so to 
speak, automatic in its operation. 

The automatic air controlled switches, friction clutches, motor 
bearings, etc., should be inspected at least once a week and any 
defects made good as new, as it is usually troubles caused by 
one open phase or circuit that stops the operation of such ma- 
chines and causes delays, etc. Such installations as_ these, 
where no operator is near for long intervals of time, overload 
switches with time limit, and low voltage relays are recom- 
mended as a means of protection rather than depending on fuses, 
also for protecting the apparatus against blown fuses or one open 
primary circuit. 

It has been your chairman’s experience to find more motor 
troubles on compressors caused by defective valves on the com- 
pressor than any other one thing, that is the valves were 
neglected to such an extent that they would not seat and cause 
back pressures so that the motor would either slip in the friction 
clutch and ruin that or open the switches, shutting down the 
unit entirely. 


Gas Electric Cars 


The maintenance of the electrical equipment on gas electric- 
driven cars seems an important subject at this time and worthy 
of consideration. Failures of the electrical equipment of these 
cars are in most cases not due to the design or defective appara- 
tus, but more often caused by insufficient maintenance. 

The inspection and cleaning intervals of the electrical parts, 
such as the inside of the motors and controller, should not 
exceed three days and at least once per month all brushes, 
holders, insulation, governors, ignition systems, contacts, wiring 
and lighting apparatus should receive a thorough inspection and 
cleaning and if defective in any way such repairs necessary 
should be made to the different parts to make them as good as 
new. 

The governor, which is in connection with the ignition sys- 
tem, should receive special attention and be tested often, because 
if allowed to become dirty it will be unreliable, which will allow 
the engine to be over-speeded, thereby causing unusual high 
voltage, which in turn has a tendency to cause a flash over at 
the motors. It has been shown by experience and tests that 
by keeping the outer edge of the motor commutators rounded 
off, the flashovers are less severe and less liable to occur. It is 
our understanding that one of the roads has installed a voltmeter 
in front of the engineer’s seat which he uses as a guide for tell- 
ing when his engine is up to speed or over speeded. At that same 
time it indicates to the engineer when something is wrong with 
his engine. Your committee would be pleased to hear if any 
other roads are using this or any other method other than the 
regular equipment supplied with the cars. 


Lubrication of Electrical Apparatus 


Probably one of the greatest sources of trouble with the elec- 
tric motor and one of the greatest items of maintenance expense 
comes from the bearings and this, no doubt, will eventually be 
the cause of the manufacturers adopting ball bearings for all 
shop motors. However, a considerable part of the present bear- 
ing troubles could be eliminated by proper lubrication and clean- 
ing of the bearings. It is not necessary to state how or how 
often a motor bearing should be cleaned, but we all know that 
there are only a very few shop maintainers that ever clean out 
the oil wells. In most cases new oil is added to the old, but 
the sediment is left in the well, which is wrong. 

The several factors that should receive consideration when 
selecting a lubricant for a motor or generator bearing are: 
1—Velocity of the shaft, 2—Weight of the rotating element, 
3—Composition of the bearing and 4—Viscosity of the lubricant. 

Thus, if the velocity is low and the weight is great, the per- 
centage viscosity of the lubricant should be high and in cases 
of extreme weights even graphite mixtures have been tested and 
found satisfactory. 

Some of the extreme methods on record of lubricating motor 
bearings are: 1—Motor bearing oil well filled with soft grease, 
motor designed with oil rings. No damage had been done be- 
cause enough was put on top of the bearing so when it heated 
some of the grease got on the shaft; 2—Oil well packed with 
waste and car wheel oil. This motor also designed for oil 
rings; 3—Transil oil used instead of dynamo oil; 4—Any num- 
ber of cases where black car oil is used. These few cases are 
cited to show the ruggedness of the equipment. 
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This committee recommends the use of a good standard 
dynamo oil for small motors of light rotating weights, and a 
mixture of two-thirds light oil and one-third heavy oil, such as 
light valve oil where rotor weights are great—200 or more 
pounds. 

As to the quality of metal for babbitted bearings, common 
shop babbitt is not good enough for motor and generator bear- 
ings and only high grades of alloys of tin and copper or bronze 
should be used. 


Meters 


On investigation it is found that a large number of the rail- 
roads own watt-hour meters and other instruments. In some 
cases municipalities have forced all within their corporate limits 
to buy meters, the railroads included. The deferred or neglected 
maintenance of all watt-hour meters whether owned by others 
than the railroad companies or the railroads has proved and is 
proving expensive. It is recommended that all meters, from 
which the railroad companies are billed, be tested at least once 
a year. This can be done in all cases without the knowledge of 
the owners, if necessary, by connecting the series coil of the 
portable test set ahead of the service meter in place of a switch 
blade or a fuse receptacle, and then if any percentage of error 
greater than allowed by the state commissions is found, a joint 
test can be asked for with the owners and a rebate decided upon. 
While it is generally understood that a large percentage of 
meters run slow with age and wear, reports show that the per- 
centage running fast and the money paid for this percentage will 
pay for testing all meters with a margin. 

Meters owned by the railroad companies should also be in- 
spected, repaired, and tested once a year to see that all jewels, 
bearings and other parts are in good condition, and that the coils 
are well insulated and have not been shortened by lightning. 


Lightning Arresters 


Considerable trouble, delay and expense can be eliminated 
around shops and power-houses if the lightning arresters receive 
more attention. Arresters should at least be inspected in the 
early spring and after each lightning storm if there is any indi- 
cation that they have discharged during the storm or if any 
apparatus has been destroyed. The spark gaps should be gaged 
and set the correct distance apart for the voltage on which’ they 
are operating. Each gap should be cleaned and if metal gaps 
are used they should be polished as often as once every two 
weeks if placed anywhere where corrosion is rapid. For ar- 
resters, where there is a constant static discharge between the 
metallic gaps the variation of distance and corrosion is even 
greater, and if allowed to stop discharging for any great length 
of time by deferred maintenance and repair, insulation break- 
downs on some parts of the system may be looked for. Such 
breakdowns are more expensive than making repairs when 
necessary or at regular intervals. 

The ground wire from the lightning arrester is next in im- 
portance to the arrester itself because if its connections are poor 
the arrester is useless. All connections, if more than one ar- 
rester is connected to the same ground wire, should be thor- 
oughly soldered and it has been found good practice to make 


-insulation tests across the spark gap in order to keep ready in- 


formation as to the ground connection itself. A piece of copper 
sheeting soldered and mechanically connected to the ground 
wire and buried six to seven feet makes an excellent ground 
connection for most soils, but if real sandy soil or soil that dries 
deep is encountered it is advisable to cover the ground plate 
with charcoal and to use considerable common salt when filling 
up the ground hole. 


Electrical Operation of Railroad 
Slhops 


Centralization of power and the operation of tools either in- 
dividually or collectively by means of motors has been adopted 
in the various departments of practically all recently equipped 
railroad repair shops. The heads of the mechanical departments, 
appreciating the reduced operating cost and the increased output 
obtained through these methods, have in many instances modern- 
ized theit older shops, thus eliminating the use of long lines of 
shafting and belt drive so far as possible. For a comparatively 
long time it has been the practice, in modern shops, to drive the 
larger machines by independent motors and group the smaller 
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machines in such a manner as not to interfere with the opera- 
tion of cranes, but the disadvantages of this arrangement, as 
compared with the use of independent motors exclusively, are 
becoming more and more appreciated, so that each year the ideal 
railroad shop, with all shafting and belting eliminated, becomes 
more nearly an accomplished fact. 


Group vs. Independent Drive 


In making a comparison of the two modern methods of ma- 
chine operation, it might be well to summarize the advantages 
of each as follows: 

Group Drive—Reduction of first cost of tools and motors of 
about 15 per cent. 

Independent Drive—lIncreased output. Saving in fuel due to 
the elimination of frictional losses in shafting, belting, etc. 
Saving in labor by obviating the necessity for shifting belts, 
lacing belts, repairing friction pulleys on countershafting, etc. 
Reduction in the size of power plant required by reducing fric- 
tional losses. Ability to place any machize where desired, fric- 
out reference to shafting or crane locations. Increased light, due 
to the elimination of shafting and belting. Elimination of 
shafting and belting maintenance cost. The ability to operate 
a single machine overtime without the necessity of operating 
any other machine. 


Alternating Current vs. Direct Current 


It might be well to state the relative merits of alternating and 
direct current for operating motors in railroad shops. Probably 
75 per cent of the power required will be for the operation of 
constant speed machinery and lights. The department requir- 
ing the most power is the one in which woodworking machinery 
is placed, this machinery invariably operating at cofstant speed. 

The simplest form of alternating current motor, namely, the 
induction type, with squirrel cage winding, is essentially a con- 
stant speed machine, entailing low maintenance charges and be- 
ing designed and constructed for constant speed work. This 
type of motor is well adapted for the operation of all constant 
speed machines, such as woodworking shop machinery, black- 
smith shop machinery, boiler shop machinery, boring mills, 
planers, small lathes, ete. It has been demonstrated that slip- 
ring induction, alternating current motors provide a satisfactory 
means for operating cranes, transfer tables, turntables, hoists, 
etc. However, where we have to contend with variable speed 
machinery such as wheel lathes, large axle lathes, direct con- 
nected reversing planers, etc., requiring a wide range of speed, 
the best results would be obtained by the use of direct current 
motors with field control. With this type of motor any speed 
variation up to and including a ratio of 4 to 1 may be obtained. 


Power Plant 


The construction of a power plant, upon the efficiency and re- 
liability of which the operation of the shops as a whole is pri- 
marily dependent, great care should be exercised in the selection 
of the machinery, both as regards to quality and design, in order 
that it may be best adapted for the service required. 

In a great majority of shop installations, a most satisfactory 
arrangement may be obtained by using alternating current turbo- 
generators as probably about 75 per cent of the total power re- 
quirements will be for constant speed machinery and _ lights 


for which alternating current is suitable. The direct cur- 
rent necessary can then readily be supplied from a mo- 
tor-generator set, composed of direct current generators 


driven by synchronous motors. Such motors, in addition to fur- 
nishing power to drive the direct current generators, can then 
be utilized as phase modifiers to improve the power-factor of 
the system, which, due to the operating conditions of most rail- 
road shops is about 70 per cent or less. A hard and fast rule 
in engineering can hardly be set down for all cases, but the ar- 
rangement, as above outlined, will, in nearly every instance, 
prove most economical, both from a standpoint of first cost and 
operating expense. 


Motor Maintenance 


All motors, whether operating continuously or partially. 
should be looked over at least once each day by a competent 
man under the supervision of the Electrical Department. It 
should be his duty to inspect all connections, see that bearings 
are properly lubricated, see that brushes are properly seated, 
see that commutators are clean and smooth and see that motors 
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are kept free from dust, dirt and grease. All motors should be 
thoroughly cleaned and if possible blown out with compressed 
air at regular periods, at which time air gaps should be gaged. 
There does not seem to be any standard rule covering this 
work, as each road usually works out these details according to 
its own ideas. 


Motor Repairs 


Each railroad, if possible, should maintain at least one ade- 
quate repair shop to handle electrical repairs, as the time re- 
quired to transfer material to be repaired to and from outside 
repair shops necessitates the carrying in stock of additional 
spare motors, transformers. etc., to take the place of those being 
repaired. 


Maintenance and Repairs of 


Direct Current Equipment 


The most important factors in the maintenance and repairs of 
direct current equipment are cleanliness and regular, thorough 
and intelligent inspection. Most cases of trouble in this type 
of apparatus can be traced to both dirt and neglect. When a 
generator or motor is not regularly blowed or wiped out, and 
brushes, holders and commutators thoroughly cleaned, bad 
sparking at the brushes is nearly always the result, and fre- 
quently serious damage to equipment is thus caused. To get 
the best results with the lowest cost for repairs, direct current 
apparatus should be inspected regularly at least once each day 
by a competent electrician. If this be done many minor cases 
of trouble will be detected and corrected which otherwise might 
become worse and cause serious damage. 

Sparking at the brushes is probably the one trouble a repair 
man is most frequently called upon to correct and it is generally 
caused by the following: Brushes not set diametrically opposite, 
not at the neutral point, too hard, too much lubricant, do not 
have proper contact, not in line, cover too many or not enough 
segments, have not proper carrying capacity, high commutator 
bars, high mica, commutator rough or eccentric, open, short 
circuited reversed or grounded armature or field coils, etc. It 
is sometimes the case, though infrequently, that the machine 
is improperly wound, or has not the required amount of iron in 
the core. Dirt is a very great factor in many of the above given 
causes of sparking, and when allowed to accumulate, causes 
grounds, short and open circuits, and rough commutators. 

Heating in a machine is caused by any one or more of the 
above causes of sparking, also by overload, moisture in coils, hot 
bearings, etc. Such minor troubles, when neglected, greatly in- 
crease maintenance and repair costs and are some of the reasons 
a system of regular and thorough inspection is necessary to ob- 
tain good results and efficient operation with direct current equip- 
ment. 


Electrical Repair Shop 


In the average railroad shop, having electrically-driven ma- 
chines, the cost of repairs to electrical equipment can be consid- 
erably decreased by maintaining a repair shop in which winding 
of armatures, field coils, and all the miscellaneous repairs in con- 
nection with the equipment can be made, instead of having them 
done by outside shops. For a nominal sum a shop can be 
equipped with all the necessary tools and apparatus for making 
and forming armature coils, rewinding field coils, turning down 
commutators, balancing and baking armatures, etc. In one in- 
stance where identical repairs were made to two machines of 
the same size and type, the railroad shop did a far more sub- 
stantial job than the outside shop did at a cost approximately 
35 per cent less. In addition to the money saving, the time 
saved in making repairs, and the consequent saving in loss of pro- 
duction are important factors in favor of an electrical repair 
shop. In addition to the larger repairs on motors and control 
apparatus the repair shop saves considerable money by refilling 
fuses and putting in a usable condition such material as cutouts, 
switches, etc., that would otherwise be scrapped. 


Types of Motors 


For operation on constant potential, where constant speed is 
required from no load to full load, and where the starting load 
is light, the shunt-wound motor is best adapted, as its speed is 
practically constant for any load. However, the speed of a 
shunt-wound motor can be varied over a wide range by varying 
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the voltage at the brushes or the strength of the field or arma- 
ture, but when the speed is once adjusted it remains practically 
unaffected by a change of load. For these reasons shunt-wound 
motors are desirable for use in connection with lathes, boring 
mills, fans, blowers, line shafts driving small machine groups, 
bolt cutters, chucking machines, grinders, drill presses, small 
boring machines, milling machines, saws, sanders, motor-genera- 
tors and pumps, except where starting conditions are severe. 

Compound-wound motors are best adapted for service where 
large starting torque and nearly constant speed are required. 
The speed of this type of motor can also be varied considerably 
by varying the strength of either the shunt or series field. This 
type of motor is best adapted for use in connection with all ma- 
chines having a reciprocating motion, heavy line shaft drive, 
planers, slotters, bulldozers, shapers, tumbling mills, bolt and 
rivet headers, pipe machines, punches, shears, rolls, drop ham- 
mers, all machines subject to sudden and intermittent loads, and 
on practically all wood working machines, as the high friction 
in this class of machinery is a great hindrance in quickly bring- 
ing it up to speed. Compound-wound motors will develop higher 
starting and maximum torques with the same current input than 
shunt-wound motors, but while operating their speed will vary 
more with the load. They should be used where high starting 
effort with low current consumption is desired and slight change 
of speed with change of load is not objectionable, also on circuits 
where the voltage fluctuates, as in this latter case, the series 
winding helps to steady the current and speed. 

Series-wound motors have a very powerful starting torque and 
are used in connection with machines where speed regulation is 
not essential, such as cranes, hoists, transfer tables, telpher sys- 
tems used for handling logs, lumber, coal, etc. 
motor must always be either geared to, or direct connected with, 
the machine, as the breaking of a belt or sudden removal of load 
causes the motor to race and seriously damage itself. The series- 
wound motor develops higher starting and maximum torque 
with a given current than either the shunt or compound-wound 
types, but while operating its speed varies greatly with the load. 

Commutating pole or interpole motors and generators are 
preferable in all classes of service. With this type of motor, 
commutation is practically perfect, the commutating pole produc- 
ing within the armature coil under commutation, an e. m. f. of the 
proper value to completely reverse the current in the coil while 
it is still under the brush. 

Enclosed type motors should not be used unless absolutely 
necessary, as they are very inefficient and give constant trouble. 

There is very little reliable data on the relative costs between 
individual and group drive, as conditions in various shops widely 
differ. The saving of power is not the most important result of 
individual drive if the cost of oiling, repairs to line shafts, belt- 
ing, and the time lost by machinists during breakdowns are con- 
sidered. In two cases, one where machines were grouped and 
driven by one motor, the other where the same number, sizes and 
kinds of machines were installed with individual drive, the costs 
have been accurately kept. The cost of the group-driven installa- 
tion was approximately 88 per cent of the cost of the individual 
drive installation. The horse-power required for the group- 
driven machines is .71 per cent of that required to drive the same 
machines with individual motors, but the cost of maintenance 
and repairs for the individual drive installation is from 75 per 
cent to 100 per cent cheaper. The difference in cost of group and 
individual drive installation is saved in from two to three years, 
when saving in power is considered, and when saving is con- 
sidered from a production standpoint, the difference in cost is 
saved in a very short time. The power lost in friction, shafting, 
belting, etc., in group drive will vary between 25 per cent and 40 
per cent, and in some cases it has been known to run as high 
as 60 per cent, while the total power loss in individual drive is 
seldom greater than 15 per cent. The saving in power consumed 
and the cost of maintenance are the two principal points in favor 
of individual drive; however, the loss in production and of men’s 
time, when a line shaft motor fails, should not be lost sight of 
as another point favoring individual drive. Local shop conditions, 
cost of operation and class of work to be done are always de- 
termining factors in deciding upon the kind of installation, much 
thought should be given on these matters before a decision is 
made. 

Motors can be direct connected, belted, geared, or connected 
by chain drive to machines, but the least expensive and most 
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convenient method is belt-drive. The success of a belted motor 
depends largely on the arc of contact, distance between pulley 
centers of motor and machine, and speed reduction. When very 
low speeds are necessary back-geared motors should be used. 

The cost of a motor increases as the rated speed decreases, 
consequently it is always desirable to use as high a speed motor 
as possible in order to keep the cost of installation down to a 
minimum. 

Modern practice is to standardize the speed of motors, and 
rated speeds from 900 r. p. m. to 1200 r. p. m. are rapidly be- 
coming standard. 

The selection of generators for any class of service is generally 
a matter of choice between the different makes. For power 
purposes the 250-volt, compound-wound, interpole generator is 
generally conceded to be the most desirable. When power and 
light are both to be supplied by one generator, the three-wire 
type is desirable, as with this type of generator both 110 volts 
for lighting and 220 volts for power are obtainable. Direct con- 
nected generators are always preferable, although good results 
are obtained with the belted types. 


Maintenance of Illuminating 
Equipment 


The best methods of maintaining illuminating equipment and 
the resultant maintenance costs depend primarily on the 
individual installation. Numerous systems are being maintained 
which should be scrapped and replaced by a more suitable and 
efficient installation, which is not done because illumination has 
been difficult for the practical man to measure and figure in dol- 
lars and cents. He knows what it costs to install and maintain 
a system, but does not know what returns to credit. Not know- 
ing actually what the benefits derived are worth, it is difficult to 
know when to install a new system or when to spend more 
money for maintaining an existing system to a higher standard. 

It is safe to say that the value of illumination is very seldom 
overestimated. We are used to getting daylight for nothing, 
hence the reason why the cost of artificial light often appears 
so high. In modern industrial plants it is considered good prac- 
tice for the cost of light to equal .5 to 1 per cent of the total 
wage. In most railway shops, roundhouses, etc., where the 
number of workmen per unit area is small this should run 
close to 1 per cent. This does not appear so high when we 
consider that only four minutes of the average workman’s time 
costs the same amount as the illumination of his work for an 
eight-hour day. How easy it is for him to lose four minutes’ 
time in a day on account of needing a little more or better 
directed light. Before going further into the maintenance 
methods and costs we will briefly outline and classify the best 
types of lamps for various purposes. 


General Comparisons of Lamps and Systems. 


In designing an illuminating system, the first consideration is 
the intensity of illumination needed. We will not dwell on this 
since there is much readily available data on the subject, which 
is sufficiently accurate for the ordinary classes of work. 

Next, coupled with the problem-of light distribution and direc- 


tion, comes that of selecting the best unit. Since the dis- 
ARMS EID, TEDL! 
, 750 1,000 watt gas 

watt filled in porcelain 

Type of unit quartz enameled reflector 
otaleettective ltimienstn qaetiam temic ioe tale 12,500 13,400 
Total) initial" cost (Of wmitss das wes cteeisie = ae clerks $60.00 $10.00 

Annual fixed charges. 

Vg SUT ALICE” fre tetet mere cio, etare enetene crane, cele) 0.25% $0.15 $0.02 
EDAX E SOF cyan ccaeerenetetearthe ays aerteneret esha laces 0.40% .24 .04 
Interest on total investment...... Shitatta tats 5% 3.00 50 
Depreciation on parts not renewed..... 10% 4,50 40 
AE onth lyse] cariuricamerera cts .os) sclsic tome wis eee ciate aris 75 
$8.64 $1.71 
Maintenance cost per year 4,000 hours....... 20.00 20.00 
Energy delivered to. lamp at $0.02 per kw. hour. 60.00 80.00 
Total annual operating (coSt. 225. qe on. $88.64 $101.74 


cussion is limited more to industrial lighting, decorative fea- 
tures, etc., are not to be considered. In the railway shops, yards 
and terminal buildings the object is to supply sufficient light with 
the best possible distribution. To select the most desirable 
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unit we balance the total annual operating costs with the in- 
dividual features, such as color, flexibility, size of unit, and other 
items which may have advantages or disadvantages peculiar to 
a certain building or class of work. The data in Table III are 
approximate figures for total annual operating costs of a 1000- 
watt gas-filled unit and a 750-watt quartz lamp. 

Here it will be seen that the largest item of the total annual 
operating cost is the cost of energy consumed, in fact this will 
average about 75 per cent of the total. Hence the efficiency of 
the unit is of first importance. The efficiency is best expressed 
in lumens (or any unit of total light flux) per watt. Reliable 
data on relative efficiencies of illuminants is scarce. Manufac- 
turers rate their lamps either in lumens, mean horizontal candle 
power, mean spherical candle power, or mean hemispherical 
candle power, and with or without reflectors, globes, etc. This 
data cannot be used to compare efficiencies until reduced to a 
common unit and compensated for losses incurred by necessary 


TABLE IV 
Initial lumens 
per watt 
—— 
With shallow 
bowl 
Asin porcelain 
descrip- enameled 
Description of lamp Amps. Volts Watts tion reflector 
1D? 1G opens carpoOmeal Cen), <citaiets 96 47 450 10.2 8.0 
D. C. enclosed carbon arc clear in- 
ner globe, no outer globe........ Shs) 15 ora Bo) 4.4 
D. C. enclosed carbon are opal in- 
ner, clear outer globe........... 6.5 115 ane 4.3 3.4 
D. C. luminous arc, clear globe in- 
ternal reflector eae maee eer 6.5 115 13.0 7 
D. C. enclosed flame arc, clear in- 
Met wOpal. Outer ClobGcm cnet: 6.5 115 16.8 13.4 
A, C. enclosed carbon arc clear in- 
Mer opal, oliter globes 12 siete 115 430 4.2 3:2 
Mercury arc, tube with reflector— 
DNATTE Rexecursitearstetegateus'« Wale, wnicieto aie als 55 192 11.2 bie 
Mercury arc, tube with reflector— 
ASUs it.” Gewese ievt-emysliug oxs0oreccctosmekey eee 3.5 110 385 1325 L325 
Mercury arc, Quartz internal reflec- 
tor-andy otter globes iac ees ahs) 230 vate 18.6 16.7 
Vacuum tungsten clear........... bale tS) 100 10.1 8.0 
Vacuum tungsten clear........... Ant 230 100 9.4 Hoc 
Vacuum tungsten clear...<.......- Aan 230 250 10.4 8.3 
Gas filled tungsten clear.......... iy 115 100 12.6 10.0 
Gas filled tungsten clear.......... ane 115 200 13e3 10.7 
Gas filled tungsten clear.......... tie 115 400 14.4 Tilak 
Gas filled tungsten clear.......... ae 115 750 15s5 12.3 
Gas filled tungsten clear.......... ae 115 1000 16.8 13.4 
Gas filled tungsten clear.......... Bc 230 200 12.0 9.6 
Gas filled tungsten clear.......... Are 230 400 13.2 10.6 
Gas filled tungsten clear.......... a3 230 750 13.9 ith 
Gas filled tungsten clear.......... ae 230 1000 13.8 11.0 
Street- series: gas filled... --cseteiet on 13 ee 13.9 ils 
Street series, gas nllediegee seein UBS) 21 16.9 13.6 
Street series gas filled............ 15.0 13 20.3 16.0 
Street series gas filled............ 20.0 Pip 22.4 17.8 
reflection. Table IV. is an attempt at a true comparison of 


efficiencies of a few lamps. The data was compiled by reducing 
to lumens and averaging varying values obtained from several 
sources. 

Distribution System 


The maintenance of the distribution system includes that of 
the panels and circuits to the terminals of the units. This is 
such a varying quantity that little concise data is available. If 
the wiring were installed in a first-class conduit system and cir- 
cuits not overloaded the maintenance would be very low up to 
the time the system would be renewed for other reasons. Ex- 
cept for an occasional run of wire necessary on account of acci- 
dent, defective material or workmanship the only other items 
will be burned fuses, switch contacts, etc. 

Regarding the advisability of painting conduit regularly with 
a preservative compound, this is not firmly established. Conduit 
in a roundhouse if not painted will last approximately 10 years. 
By this time it is probably time to install an entire new system, 
due to changes in the art, construction of the building, or re- 
quirements of the service. Even if the conduit is regularly 
cleaned and painted, the chances are that the parts in corners 
and small clearances where most dirt and acid accumulate will 
be slighted. The distribution maintenance will vary somewhat 
in proportion to its use, hence the reason why this item was in- 
cluded in the energy cost of Table III. In the average railway 
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shop this yearly maintenance should not exceed 2 per cent of 
the initial cost of installation, nor 2.5 per cent of total energy 
used at $0.02 per k.w. hour. 


Illuminating Units 


Following is a list of the several units which are competitors 
for this class of service. The maintenance of each is made up 
of the respective sub-items. 


1 and 2, Luminous and flaming arcs. 
a—Keeping mechanism in working order. 
b—Trimming. 
c—Cleaning globes and reflectors. 
3. Mercury arcs. 
a—Repairs to lamp. mechanism. 
b—Occasional renewal of burners. 
c—Cleaning globes and reflectors. 


4. Turgsten lamps in porcelain enameled steel and aluminized reflector. 

a—Occasional repairs to sockets and holders. 

b—Lamp renewals. 

c—Cleaning lamps and reflectors. 
On account of the reliability, low first cost, simplicity, and ease 
of maintenance the tungsten units have the most general use in 
railway shops. Therefore only this type of unit will be further 
considered. However much of the following discussion such as 
accessibility to lamps, and methods of cleaning also applies to 
other types. 

The standard of cleanliness for lamps and reflectors should 
depend on a balance between the cost of cleaning and loss by 
not cleaning. The cost of each cleaning will depend materially 
on the method used, and on the accessibility to the units. The 
following are several general methods which may be used in 
shop buildings for gaining access to the lamp: (1) From a step 
ladder where the units are hung close enough to the floor. (2) 
By lowering units to floor by the use of a rope and automatic cut- 
out hanger. (3) From the trolleys in traveling crane bays. All 
these methods have their objections. The long step ladder is 
difficult to handle, shaky to work on, especially where it is liable 
to be hit by push carts and trucks. It is also hard to place 
among machines, belts, and material piled about the floor. The 
use of the automatic cut-out hanger adds materially to the cost 
of construction, but it is the only method satisfactory in many 
places. Access to lamps from traveling cranes requires that the 
work be done outside of regular shop hours and in many cases 
requires the use of higher priced labor or the extra cost of a 
regular operator for the crane. 

Atter gaining access to the lamp, the following points must 
be considered: (1) Shall the entire unit be cleaned in place, 
(2) shall the lamp be removed and cleaned on ladder or crane, 
reflector cleaned in place, or (3) shall the lamp, reflector or both 
be removed and carried to a shop for cleaning. The first method 
is preferable because there is less risk of breaking lamps, but 
it is applicable only when a shallow reflector is used, and even 
then it is difficult to be sure that all sides of the reflector and 
lamp are clean. The second method is best in most cases. If the 
work is being done on top of a crane trolley proceed as follows: 
Remove lamp, clean and place in a special padded box, clean 
reflector in place or by removing if easier, then replace lamp, 
being careful to screw in snug, but not so tight as to break or 
loosen the base. The third method of removing the com; ete 
unit and carrying to a shop to clean is more costly but advishle 
in certain cases where conditions on the floor below the lamp 
do not permit the work being done there. 

For cleaning, the use of the following is recommended: (Gy) 
soap and water, (2) gasoline or benzine, (3) denatured alcohol, 
(4) ammonia. For ordinary conditions soap and hot water will 
thoroughly clean the lamps and reflectors. However, in most 
railway shop buildings where smoke and oily fumes are present 
it is necessary to use some of the latter. Denatured alcohol will 
cut the dirt much quicker and better than gasoline and less is 
required per lamp. Although it costs approximately $.35 per 
gallon as against $.18 for gasoline it is cheaper to use. One gal- 
lon of alcohol will clean 90 750 watt units with 18-in. bowl re- 
flectors. A small piece of waste dampened with alcohol is fol- 
lowed by a handful of dry waste. Such solutions as gasoline or 
alcohol should not be used on aluminized reflectors. For these 
the manufacturers recommend only soap and water or a very 
weak solution of ammonia. 

It has been found to require approximately six minutes per 
unit to thoroughly clean a 750 watt lamp and an 18-in. porcelain 
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enameled steel reflector, from a crane trolley, this not allowing 
for the time necessary to move the crane to new positions. Ina 
reasonably busy shop this must be done on overtime, and in many 
cases it will pay to provide a regular operator to move the crane. 
If the cleaner operates the crane the total cost is approximately 
$.75 per unit per year for monthly cleaning. If two men are 
necessary this figure is raised to $1.20 per unit. Small 200 watt 
units in bowl reflectors can be cleaned from a step ladder for 
$.30 to $.50 per year. 

From the above figures and those in Table III, it will be seen 
that this monthly cleaning is a very small per cent of the total 
annual operating cost. This cost of monthly cleaning for the 
1000 watt unit is .75 per cent of the total. 

Referring to Fig. 6, the area of the shaded rectangle represents 
the total annual operating cost of a 1000 watt gas filled lamp in 
a porcelain enameled steel reflector. The darker shaded area 
below the curve represents the loss by reduction of useful light 
on account of the accumulation of dirt for one year. This curve 
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Fig. 6—Total Annual Operating Cost, and Loss by Not Cleaning— 
1,000-Watt Gas-Filled Lamp in Porcelain Enameled Reflector 


was plotted by converting to dollars for this size unit, an average 
of available data on this decrease of efficiency. The curve will 
hold good for the average railway shop building. There are 
places where this amount of dirt will accumulate in one month, 
and other locations where much less will accumulate. The rate 
of loss after an elapsed time is read direct from the corresponding 
points on the curve. In this specific case the loss at the end of 
12 months without cleaning is at the rate of $34.00 per year, while 
the loss incurred during the year is approximately $22.00. At the 
end of the first month the loss is at the rate of $9.00 per year 


and the loss incurred during the month $4.50. Subtracting the . 


$4.50 from $22.00 leaves $17.50 which could be spent for monthly 
cleaning which costs less than $1.00. The remaining $16.50 is 
actually 1650 per cent interest on the money spent for cleaning. 

In many buildings it is a very good investment to keep the 
walls and ceilings painted white. This is especially true where 
the ceilings are moderately low and in building bays adjacent to 
the outer walls. In such places it is safe to say that the illumi- 
nation may be increased 25 per cent by painting white. If suffi- 
cient illumination initially costs .8 per cent of the total wage, 
then 25 per cent of .8 per cent, or .2 per cent, can be expended 
each year for painting, this figuring the benefits to artificial light- 
ing alone. Cold water paint is inexpensive and can be applied 
with relatively cheap labor. In many shops the walls and ceiling 
are now being painted white but not regularly, nor nearly as 
often as they should be. The white walls and ceiling are a part 
of the illuminating system. When an installation is made the 
color of the walls and ceiling is taken into account, but often 
forgotten when the system is in service. The maintenance should 
include all such items in money value for the specific conditions. 

Sub-Committee: J. H. Wickman, Illinois Central, chairman; 
J. H. Epwarps, Chicago, Rock Island & Pacific; J. H. Wricurt, 
Chicago, Burlington & Quincy; J. C. McErreer, Illinois Central. 
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Car Lighting Hland Book 


In compliance with instructions of the executive committee to 
prepare a handbook covering the maintenance of electrically 
equipped cars, your committee has formulated a preliminary set 
of rules for this purpose; the object of the committee is to have 
these rules thoroughly discussed and to receive suggestions and 
criticisms to the end that the rules may be perfected and printed 
in book form for distribution to the membership. 

The executive committee is of the opinion that a set of rules of 
this kind, based on actual practice, will not only be beneficial to 
the new man entering into car lighting work, but will be of gen- 
eral good use to all interested. 

Committee: E. WANAMAKER, Chicago, Rock Island & Pa- 
cific, chairman; E. S. M. Macwnas, Canadian Pacific; A. Votcrt, 
Atchison, Topeka & Santa Fe; C. J. CausLanp, Pennsylvania. 


Train Lighting Equipment and 
Practices 


Your committee, appointed to consider the revision of present 
adopted recommendations for standards, has held several meet- 
ings both as members of the committee as well as members of 
the M. C. B. Train Lighting and Equipment Committee and sub- 
mitted a progress report at our last semi-annual convention at 
Atlantic City. 

In view of the fact that their recommendations to the M. C. B. 
Association were not submitted to letter ballot until August 21, 
1916, the result of the letter ballot was to be counted on Sep- 
tember 20, 1916. The chairman did not feel justified in calling a 
meeting of your committee until after the results of the letter 
ballot of the M. C. B. were published. We, therefore, resubmit 
our progress report as an annual report of the committee for such 
action as our members may wish to take. 

The committee would recommend, however, that the recom- 
mendations for standard practice submitted to the M. C. B. Asso- 
ciation at the 1916 convention be ratified, and such changes be 
made in our present recommended practice as will make them 
conform to the recommendations submitted to the M. C. B. Asso- 
ciation at its June convention of 1916, which are as follows: 

The Committee on Train Lighting and Equipment has com- 
pletely revised these Recommended Practices by (a) eliminating 
certain features, (b) adding necessary matter, (c) regrouping, 
(d) rewording certain sections, and (e) otherwise rearranging 
subject matter. The revised rules are herein given in full, but 
a vote is asked for only on such paragraphs where important 
changes, etc., in the rules are involved. 

Ie General.—System Voltages: 

(a) That in electrically lighted cars the following voltages 
should be used: 

(b) Sixty volts (nominal) for straight storage and head-end 
systems. 

(c) Thirty volts (nominal) for straight storage and axle- 
generator systems. (Individual cars.) 

Inasmuch as only about two per cent of the cars lighted with 
individual axle generators are equipped with 60-volt system, and 
as such voltage requires a battery of twice the number of cells, 
also a decreasing tendency in the use of equipment of this volt- 
age for application to individual cars, it is felt that further use of 
this system should no longer be recommended. 

2. General.— Descriptive Notices. —That each electrically 
lighted car in steam service shall be provided with a notice lo- 
cated in or near the switchboard locker as follows: 


A B & C Railroad. 
Description of Electric Light Equipment. 


his earis lighted by”. .s..4-- Vee System. 
Gen. Lamp 
Gen Reg. Reg. 
LEN CO SR bya ee oo ep ee a ean ae ei, See cnet 
Type 


Set for V. floating 
Set for amps. 
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Pulleys—Axle..... he Ob coae jis MEKCES oh o6 in. depth of flange. 
EGBUERANEOG Baas oe GR KONE erates tka ietigCe 
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The above changes are suggested with a view to giving addi- 
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any service position with respect to the suspension and with the 
truck in any service position with respect to the car body, the 
clearance from any part of the belt to 


End Sill. Brake Beam. To any other 
BK 
a ~ r — part car 
Over. Under. Over. Under. body or truck. 
Truck supported........ lin. 1% in. 242 in. =) lan: ¥% in. 
Body. supported ........ 1% in.1¥% in. 3 Sains = Slain tins 


(e) With any or all parts of car and axle generator worn to 
the allowable limits and other conditions the same as in para- 
graph (d), from the belt to any part of the truck or car body, 
sins Se Y in, 

Note——As the question of obtaining the above clearances is 
essentially a problem of car and truck design it is recommended 
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Fig. 1 and 2—Armature Pulley, Pulley Seat, Key, Nut and Cotter for Pulleys Eight Inches or Larger Diameter, For Ball Bearing Generators 


tional necessary information and placing the same in appropri- 
ate form. 

3. Clearances—(a) The axle-generator suspension shall be 
so designed that with car on straight, level track the clearances 
shall be as great as possible but not less than those specified 
below: 

(b) From any part of the generator or suspension to the 
Pallime sera: Ae aN ae oR: 6 in. 

(c) On truck-suspended generators from any part of the 


that all car designers pay special attention to this feature. The 
chairman of the M. C. B. committee has been instructed to take 
this matter up with the other M. C. B. committees interested. 

The above was drawn up with the idea of including all neces- — 
sary clearances and grouping them under one heading. 

(1) Do you approve of the recommendation? 

4. Generator—Suspensions.—(a) In axle-generator suspen- 
sions, all supporting parts subject to wear shall have the wearing 
surfaces bushed. : 
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Figs. 3 and 4—Armature Pulley, Pulley Seat, Key, Nut and Cotter for Pulleys Eight Inches or Larger Diameter, For Sleeve Bearing 
Generators 


generator or suspension to the car body or any part attached 
theretow wat tae eee 3y% in. 

(d) With all parts of the car and axle generator, affecting 
the clearances, in the same condition as when new, with the 
minimum belt tension to drive load and with the generator in 


(b) All axle generators shall be provided with safety chains 
or an equivalent construction which will safely support the gen- 
erator in case of failure of the suspension. 

(c) In truck-supported axle generator suspensions, if side 
arms be used, the end to be secured to the truck frame shall 
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extend under the transom and be secured ‘to the side frame near 
the transom and shall be securely attached to the end sill by a 
U-bolt not less than 34 in. in diameter, or a construction equiva- 
lent in strength. 

Reworded to make the meaning clear and additional features 
to provide for greater safety. 

(2) Do you approve of the recommendation? 

5. Generator—Mounting.—When facing the end of the truck 
on which the axle pulley is mounted, the generator pulley or 
sprocket shall preferably be on the right of the generator. 

Reworded to provide for body-suspended generators. 
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Gy 


(3) Do you approve of the recommendation in paragraph 
Coz 

(d) On all axle generators having armature shafts less than 
1% in. in diameter at inner end of pulley seat, the armature 
pulley shall be in accordance with dimensions shown on Sheet 
GaBiono: 

Regrouping of subject matter and the addition of pulleys for 
generators having shafts less than 1% in. in diameter, due to 
development of light-weight body-suspended generators. 

(4) Do you approve the recommendation in paragraph (d) ? 

8. Generator—Armature Pulley Seat—(a) On all ball-bear- 
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Figs 5 and 6—Armature Pulley, 


6. Generator—Axle Pulley and Bushing—(a) A _ straight 
pulley seat shall be provided for the axle pulley. 

(b) Ifa bushing be used it shall preferably be secured to the 
axle independently of the pulley and have an external diameter 
throughout its length of 7% in. and be not less than 8% in. long. 

(c) The hub of the axle pulley shall have a uniform internal 
diameter of 74% in.; the length of the hub shall be 6% in. 

(d) The face of the axle pulley shall be not less than 9 in. if 
flangeless, and not less than 8 in. if flanged. 

(e) The diameter of the axle pulley shall be as large as the 


TAPER z PTR FOOT u ties Lie 


5 ‘ mm. STO Z caste nut 
vin GY 6 


carr rar C—== 2 
‘freee 


ql 
ais rere noes areca GC. 


UY 
7 


Pulley Seat, Key, Nut and Cotter for Armature Shaft 1144 in. Diameter 


ing axle generators having armature pulleys 8 in. in diameter 
or larger, the pulley end of the armature shaft, the nut, key 
and cotter pin shall be in accordance with the dimensions as 
shown on Sheet A, Fig. 2. 

(b) On all sleeve bearing axle generators having armature 
pulleys 8 in. in diameter or larger, the pulley end of the arma- 
ture shaft, the nut, key and cotter pin shall be in accordance with 
the dimensions shown on Sheet B, Fig. 4. 

(c) On all axle generators having armature shafts less than 
1% in. diameter at end of pulley seat, the pulley end of arma- 
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Figs. 7, 8 and 9—Storage Battery—Dimensi 


construction of the car will permit, preferably 21 in. or 17 in. 
Regrouping of subject matter. 


7. Generator—Armature Pulley—(a) The armature pulley 
shall be flanged and crowned, with a 7-in. face and a diameter 
of preferably 8 in. or 11 in. 


(b) On all ball-bearing axle generators having armature 
pulleys 8 in. in diameter or larger, the armature pulley shall be 
in accordance with the dimensions as shown on Sheet A, Fig 1. 

(c) On all sleeve bearing axle generators having armature 
pulleys 8 in. in diameter or larger, the armature pulley shall be 
in accordance with dimensions as shown on Sheet B, Fig. 3. 


OF BATTERY !S USED FOR 
ALL CELLS eB OCED: BE 
SIDE OF CA 
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WIETHOD OF CONNECTING 
CELLS OF BATTERY ASSEMBLED !N ONE TRAY 


FIG. 2. 
ons of Trays and Method of Connections 


ture shaft, the nut, key and cotter pin shall be in accordance with 
the dimensions shown on sheet C, Fig. 6. 

Regrouping of subject matter and the addition of pulley seats 
for generators having shafts less than 11% in. in diameter due to 
development of light-weight body-suspended generators. 

(5) Do you approve of the recommendation in paragraph 
(c)ie 


9. Generator—Ball Bearing, Size of.—On all truck-supported 


ball-bearing axle generators, the peorine shall be the size known 
commercially as No. 412. 


To clarify meaning. 
10. Batteries—Boxes, Design of.—(a) Battery boxes shall 
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have interior dimensions at least as great as those given below. 

Height in clear, 21% in. 

Depth, front to back, 2 ft. 1 in. 

Length of compartment to hold two standard double compart- 
ment trays, 225% in. 

Length of compartment to hold four standard double compart- 
ment trays, 3 ft. 9% in. 

(b) Battery boxes with two compartments, each 2254 in. 
long, or with one compartment 3 ft. 9% in, long shall be designed 
to carry a battery weight of not less than 1600 lb. 

(c) Battery boxes with four compartments, each 225% in. long, 
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SECTION A-A 
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FaliGiies 
Figs. 10, 11, 12 and 13. 


oz two compartments, each 3 ft. 9% in. long, shall be designed to 
carry a battery weight of not less than 3200 Ib. 

(d) That in all battery-box designs two angle irons or straps 
shall extend longitudinally under the battery box located so 
that in case of a defective battery-box floor, the trays will be 
supported by the said angle irons or straps. The angle irons 
or straps shall be attached to the car body independently of the 
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FIG.14. 


Fig. 14—Relative Location of Charging Receptacle, Fuse 


Box and Battery Box 


Battery, 


battery box and shall be of sufficient strength in all parts to 
safely support the weight of battery as given in paragraphs 10 
(b) and (c); plus the weight of the battery box. The angle 
irons or straps shall be so installed that they can be readily in- 
spected. A construction equal to the above in strength and 
safety will be allowed. 

To clarify meaning. 
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11. Batteries—Boxes, Ventilation of—(a) Each battery box 
shall be provided with adequate ventilation as follows: 

(b) Inlet openings located on the longitudinal center line of 
the floor of the battery box having a combined area of approxi- 
mately 6 sq. in. for each 225,-in. compartment. 

(c) Outlet openings located near the top of the battery box 
having a combined area of approximately 6 sq. in. for each 
225%£-in. compartment. 

To provide a suitable method for adequate ventilation. 

(6) Do you approve of the above three suggestions? 

12. Batteries—Trays, Dimensions of—Storage batteries for 
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CHARGING PLUG FOR USE 
WITH INTERNALS FIG 12 


FIG.I3, 


Charging Plug and Receptacle, Receptacle Case and Swivel Support 


car lighting service shall be assembled in trays whose maximum 
dimensions shall not exceed those given on Sheet D, Fig. 8, 
when used in battery box having minimum dimensions given 
in paragraph 10 (a). 

Elimination of details of battery construction not essential to 
interchangeability and providing such dimensions as are neces- 
sary for interchangeability. 

(7) Do you approve of the above suggestion? 

13. Batteries—Connection for—(a) That where two or 
more cells are assembled in one tray, the connections and ar- 
rangements of battery terminals shall be as shown on Sheet D, 
Fig. 9. 

(b) The connections between the terminals of the battery 
and car wiring shall be made with a connection as shown on 
Sheet D, Fig. 7. 

(c) When the Westinghouse type connector is used to con- 
nect battery to car wiring it shall be installed as follows: At the 
positive terminal of the battery, the male end of the connector 
shall be attached to the positive battery terminal lead and the 
female end to the car wiring. At the negative terminal of the 
battery, the reverse connections shall be made. 

(d) That each set of batteries shall be connected so can 
facing the battery box, the positive terminal is at the right as 
shown on Sheet D, Fig. 7. 

To clarify meaning and promote interchangeability. 

14. Batteries—Charging Receptacles for.—(a) That each 
electrically lighted car equipped with batteries shall be provided 
with two charging receptacles as shown on Sheet E, Figs. 11 and 
12, so as to receive play shown on Sheet E, Fig. 13, 


(b) These receptacles shall have swivel supports as shown on 
Sheet E, Fig. 10. 
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(c) These swivel supports shall be installed one on each 
side of the car as shown on Sheet D, Fig. 7, and Sheet F, Fig. 14. 

(d) The outer annular contact shall be connected to the posi- 
tive terminal of the battery as shown on Sheet D, Fig. 7, and 
Sheet E, Fig. 12. 

To eliminate obsolete types and bring the design up to date, 
giving such dimensions as are essential to interchangeability. 

15. Batteries—Fuses for, Ete—(a) That each electrically 
lighted car equipped with battery box or boxes shall be provided 
with suitable metal fuse boxes, said boxes to be mounted close 
to the positive and negative terminals of each set of batteries 
as shown on Sheet D, Fig. 7, and Sheet F, Fig. 14. 

(6) Do you approve of the above suggestion? 

‘b) These fuse boxes shall have mounted in them a block 


provided with fuse contacts having a capacity of 101 to 200 


TYPE OF CONTACT 


USED 
ON SwiTcHBOARD FOR 


DISTRIBTING CIRCUITS 


EDISON SCREW CONTACT 
STANOARD NE CODE 
CAPACITY -O-30 AMPERES 

250 VOLTS AND LESS 


FIG.15. 


USED 


ON ARLE GEN. REGULATOR PANEL FOR 
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7 FIELD CIRCUIT 
25° VOLTS Ano Less 


* NWeERATOR crRCUIT 


FIG.I7. 
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AXLE GENERATOR ARMATURE 
CIRCUIT USING A FUSE HOLDER 


FIG,.19. 
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(12) Do you approve of the above suggestion? 

(c) All cars equipped with train lines shall have the wires 
terminate in train line receptacles so designed that a standard 
train line connector as shown on Sheet I, Fig. 30 or Fig. 31, 
and located as shown on Sheet I, Fig. 29, may be used. 

(13) Do you approve of the above suggestion? 

(d) If only two wires are used they shall be connected to the 
outside terminals and the train line receptacle on each end of 
the car shall be stenciled: “NOT FOR USE ON HEAD-END 
SYSTEM.” 

(14) Do you approve of the above suggestion? 

(e) Where three train line wires are used they shall be trans- 
posed as shown on Sheet I, Fig. 27. 

(15) Do you approve of the above suggestion? 

(f) Where two train line wires are used they shall be trans- 
posed as shown on Sheet I, Fig. 28. 


TYPE OF CONTACT 


USED 
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FIG.16, 
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Figs. 15 to 20—Fuse Contacts 


amperes, as shown on Sheet G, Figs. 16, 18, or preferably, Fig. 20. 

(9) Do you approve of the above suggestion? 

(c) The fuse block shall be provided with contacts: 

(1) To receive a link fuse as shown on Sheet H, Fig. 25, or 

(2) To receive a standard N. E. Code 150 ampere cartridge 
fuse or 

(3) A fuse holder to receive a link fuse as shown on Sheet 
H, Fig. 26 (designed to replace the N. E. Code cartridge fuse). 

To clarify meaning, to provide for interchangeability and to 
cover all types of fuses and fuse blocks in general use. 

(10) Do you approve of the above suggestions? 

16. Wiring—Terminals of—(a) The terminal connections 
of the generating, regulating and controlling apparatus shall be 
marked for identification and polarity. 

(b) The positive terminals shall be at the right, when facing 
the board (if terminals are arranged horizontally), and at the 
top (if arranged vertically). 

Regrouping. , 

17. Wiring —Train Lines and Connections.—(a) Cars oper- 
ated in head-end system trains shall be equipped with three train 
line wires of No. 4/0 A. W. G. 

(11) Do you approve of the above suggestion? 

(b) Cars not operated in head-end system trains may be 
equipped with two train line wires of No. 2 A. W. G. 


(16) Do you approve of the above suggestion? 

(g) Train line connections in each car shall be made across 
battery and generator circuit. 

To clarify meaning. 

(17) Do you approve of the above suggestion? 

18. Wiring—Generator Leads—The electrical connections 
between the axle generator and permanent wiring on the car 
shall be made in such a manner that the leads can not be trans- 
posed. 

To permit the use of a superior and less expensive construc- 
tion of equal safety for use where such would seem to be desir- 
able, as on body-suspended generators. 

(18) Do you approve of the above suggestion? 

19. Wiring—Switchboards.—(a) That each electrically 
lighted car shall be provided with a switchboard upon which 
shall be mounted the necessary switches, fuse contacts and ter- 
minal connections. 

(b) The switches and terminal connections shall be so ar- 
ranged as to disconnect (when opened) and the fuses to protect 
the following parts, if same be used: 

(1) Train line. 

(2) Battery. 

(3) Axle generator. 

(4) Main light switch or fuses. 
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(5) Circuit for lamps, fans, etc. 
(c) Each of the above switches or fuse contacts shall be 
plainly marked designating the part controlled or protected. 
(d) The terminals for the axle generator at the generator 


regulator panel shall be arranged so that, when open, they shall 


disconnect the positive and negative armatures and one side of 
the field circuit. 

Regrouping and to clear up ambiguity. 

20. Wiring—Fuses for, Ete —(a) The 


TRAIN LIGHTING FUSES 
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switchboards or 
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(5). Axle Generator—The positive armature to have fuse 
contacts suitable for a 150-ampere knife blade N. E. Code fuse, 
with 4-in. clearance space between contacts as shown on Sheet 
G, Fig. 19. 

(6) The use of a fuse in the field circuit is optional. If used, 
the contacts shall be suitable for a 0 to 30 ampere ferrule type, 
N. E. Code fuse with 1 in. clear space between contacts as shown 
on Sheet G, Fig. 17. 

(b) All fuses on cars shall be used in the location and shall 


TYPE OF FUSEHOLDER 


USED 


(N BATTERY 80x 2 
USING FUSE CONTACT FIG.I6 
WITH LINK FUSE * 1G 25 


3. FOR GENERATOR FUGE HOLDER 
ig mor’ BATTERY FUGE H2LOER 


MAIN LIGHTS 
ON AXLE GENERATOR REGULATOR PANEL 
WITH FUSE HOLDER 
OPEN END LING ! ON AXLE GENERATOR REGULATOR PANEL. 
CAPACITY=- 61-/00 AMPERES | YSING FUSE CONTACT F/Gi19. 
250 VOLTS ANOLESS. MOTH LINE FUSE ie FIG 24 
| IN BATTERY Box 
USING FUSE CONTACT FiIG./ by 
FIG.24. | WITH LINw FUSE FIG 25 
" £OR GENERATOR) —— “al 
IN BATTERY FUSE BOK FOR se oe Se ane te = sd FUSE HOLDER 
BATTERY- EITHER WITH OR WITHOUT yh Fon BATTERY . 
A FUSE HOLOER ee 


CLOSED END LINK 
CAPACITY :— 101-200 AMPERES. 
250 VOLTS AND LESS 


FIG.25, 


regulator panels of electrically lighted cars shall be provided 
with fuses for the protection of the parts given below: 

(1) Train Line—Contacts for use with open link fuses shall 
be provided, substantially as shown on Sheet G, Fig. 20, the stud 
or screw to be % in. in diameter with twenty threads per inch set 
on 2%%-in. centers. 


(2) Battery—Use of fuse optional. If fuse be used, the fuse 


FIG.20. 
Figs. 21 to 26—Fuses and Fuse Holders 


conform to the dimensions as shown on Sheets D., F., G. and H. 

(c) The capacity of the fuses used in the above contacts shall 
be such as to protect the apparatus in question. 

To cover all fuses in general use. 

21. Wiring.—Installation of Conduit and Wire—The follow- 
ing rules shall be used for car wiring: 

(a) Conduit.—All conduits shall conform to the requirements 
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Figs. 27 to 31—Train Lines, Connectors and Location of Train Line Receptacle 


and the fuse contacts shall be the same as for the train line. 
(3) Main Light Switch—Use of fuse optional. If fuse be 
used the fuse and fuse contacts shall be the same as for train 
line. 
(4 Circuits—For the distributing circuits to the lamps, fans, 
etc., the fuse receptacle shall be of the Edison screw-shell type as 
shown on Sheet G, Fig. 15. 


of the National Electrical Code. It shall, wherever possiblé, be 
run on the interior of the car but not exposed to view. Ends 
of conduit shall be cut square and the interior reamed smooth, 
the contour of the material from the inner to the outer wall at 
the ends being approximately a quarter circle. Conduits shall 
not “butt” in couplings. Where threads on conduit are exposed 
they shall preferably be red or white leaded and painted. The 
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conduit shall be of such a size and so arranged that the wires 
may be pulled in after the car is completed and pulled out for 
repairs without it being necessary to remove the interior finish 
of car. Conduit less than % in. shall not be used. Conduit and 
fittings shall be firmly and securely attached to the car body. 
The conduit system shall be so installed as to form a good, 
continuous electrical conductor and shall be grounded to the 
framework of the car. On steel or steel-underframe cars the 
supports of the conduit system will be considered as constituting 
an adequate ground. On wooden cars the conduit system shall 
be grounded by means of a copper wire of not less than No. 6 
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be applied in such a manner as to render the box “weatherproof.” 
All wires shall be insulated with Grade “A” (30 
per cent Para rubber) insulation if mineral base compound be 
used according to the specification of the Association of Rail- 
way Electrical Engineers, or equivalent, and shall be double 
braided, or 1f a wax base compound be used it shall be of a 
corresponding quality. No wire smaller than No. 14 A. W. G. 
shall be used, except for fixture work where No. 18 A. W. G. 
is permissible. All wires shall be run in metal conduit. No wire 
shall carry, under normal operating conditions, a current in ex- 
cess of the values permitted by the National Electric Code for 
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FIG.34, 


Figs. 32 to 35—Train Lighting Lamps, Tungsten Filament with Bulb Dimensions 


A. W. G. securely attached to the conduit and to some portion 
of the steel work of the car that has an electrical connection 
with the rail, so as to form a good electrical connection at the 
points of attachment. The connections of the ground wire shall 
be exposed to view and easily accessible. 

(b) Fuse, Junction Boxes, Etc—Fuse, junction, outlet, con- 
nection and pull boxes exposed to the weather shall be of cast 
iron. The wall thickness at the bosses for the conduit shall be 
such as to ensure at least five threads of the conduit are engaged 
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36 and 37—Standard Car Axles Showing Portions to Be 
Turned for Application of Axle Pulleys 


Figs. 


and that the interior of the boss be rounded off so as to provide 
the equivalent of an outlet bushing. ‘“Knock-out” boxes or 
pressed or formed steel boxes may be used when not exposed 
to the weather, and, when used, locknuts shall be used on the 
conduit on both sides of the box wall and an outlet bushing on 
the end of the conduit. Pull boxes shall be installed where, on 
account of the length of run or number of bends, it would 
otherwise be difficult to pull in the wires. Fuse boxes for the 
main battery fuses shall be installed as close to the terminals of 
the battery, both positive and negative, as possible. All boxes 
shall be so installed as to render the covers of same readily 
accessible. The covers of boxes exposed to the weather shall 


the size of wire in question. Train line wires on cars intended 
for service on head-end system shall be No. 4/0 A. W. G. Train 
line wires on cars not intended for service on head-end system 
shall be No. 2 A. W. G. All wires of No. 8 or larger shall be 
stranded. Train line connection between cars shall be as follows: 

Head-End System.—No. 2/0 A. W. G., 833 strands or more, 
5-64-in. insulation and one braid. 

Not for Head-End System.—No. 2. A. W. G., 133 strands or 
more, 4-64 in. insulation and one weatherproof braid. The leads 
from the generator to the terminal connector on the car body 
shall be as follows: 


Armature Leads.—No. 4 A. W. G., 61 strands, 4-64 in. insula- 
tion, one weatherproof braid. 
Field Leads.—No. 8 A. W. G., 19 strands, 3-64 in. insulation, 


two weatherproof braids. 

Joints and Splices—The insulation shall be removed from the 
wire in such a manner that the wire shall not be cut, scored or 
nicked. All joints and splices shall be so made as to be both 
mechanically and electrically secure without the use of solder. 
All joints and splices shall be soldered, the soldering flux shall 
be free from acid. All wires joined or spliced shall be installed 
in such a manner that the joint or splices come in a junction 
box or fitting. Slack shall be left in wires at junction boxes 
and other outlets. Care should be taken that no sharp end of 
wire or solder is left to pierce the insulation and cause a ground. 
The joint or splice shall be covered with a rubber tape to the 
thickness of the original insulation, and this covered with fric- 
tion tape to the overall diameter of the complete insulated wire. 

The 1915 revised rules of the National Board of Fire Under- 
writers, as applying to car wiring, were drawn primarily to cover 
wiring of cars which are electrically propelled, and are therefore 
not applicable to electrically lighted cars in steam service. The 
rules proposed provide all the safeguards heretofore required by 
the Underwriters. 

19. Do you approve of the above suggestions? 

22. Lamps.—Standard lamps for car-lighting service shall be 
in accordance with the dimensions as shown on Sheet J, Figs. 
Se, ay St oa: 

Providing for the use of two additional styles of incandescent 
bulbs which are coming into general use. 

20. Do you approve of the above suggestion ? 

23. Axles—Dimensions, at Pulley Fit—The dimensions of 
axles at the point of pulley fit shall be in accordance with dimen- 
sions shown on Sheet K, Figs. 36, 37. 
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No change in axles heretofore approved as Recommended 
Practice, but dimensions added to conform to M. C. B. Standard 
axles shown on Sheet M. C. B. 15 not now shown on Sheet 
M. C. B. 11 and which are essential to provide proper pulley fit. 

24. Present paragraph 12, page 1025, of 1915 M. C. B. Pro- 
ceedings, provides for emergency fuses as close as possible to 
the axle generator and prior to the leads from the same entering 
the conduit beneath the car floor. This feature was originally 
provided as a safeguard against fire hazard, but your commit- 
tee feels that fire hazard from this cause does not exist to an ex- 
tent sufficient to warrant the installation of such fuses, and such 
fuses have never been used except in a few isolated cases. It 
is therefore recommended that paragraph 12 of present Recom- 
mended Practices be eliminated. 

21. Do you favor the elimination of paragraph 12? 

Committee: D. J. Cartwricut, Lehigh Valley, chairman; J. 
H. Davis, Baltimore & Ohio; E. W. Jansen, Illinois Central; 
C. H. Quinn, Norfolk & Western; H. C. Metoy, New York 
Central; J. R. Stoan, Pennsylvania; E. WANAMAKER, Chicago, 
Rock Island & Pacific; C. R. Girman, Chicago, Milwaukee & 


St. Paul; E. Lunn, Pullman Company. 
Sub-Committee “‘“A’? on Stande 
ardization of Axle Generators* 


C. H. Qurnn, Norfolk & Western, chairman ; 
Pennsylvania; H. C. Metoy, New York Central; 
wRIcHT, Lehigh Valley. 
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Sub-Committee °“B’ om Head 
End Practice 


Head end train lighting is as firmly established for through 
train service as ever, and for that service meets the requirements 
of lighting such trains in a very satisfactory manner. While the 
operation of the dynamo is often interfered with, the storage bat- 
teries tide over these interruptions and the lighting service is not 
materially affected. Its advantages are: 

First—Brilliant uniform light in each car on the train. The 
uniformity of the lighting in each car in the train is of much 
more importance than one would imagine. The public traveler 
is very sensitive to this particular effect and contrasts between 
the lighting of different cars are quickly noticed and conveyed 
from one passenger to another. Of course, the type of fixture, 
the number and wattage of lamps affects this uniform result, but 
fixtures and wattage of lamps, also the number, can be definitely 
controlled, but the voltage of lighting equipment cannot always be 
controlled; therefore, lighting from one source or machine, other 
things being equal, obtains uniformity of the lighting flux in each 
car and is a distinct advantage in favor of the head end. 

Second—A smaller investment is required for lighting a train 
and the operating expense per train is lower. However, this sys- 
tem is not applicable to a railroad operating a large number of 
first-class cars on short divisions where the service requires the 
constant breaking and making up of trains and diverting cars to 
side lines. Service of this kind can only be met by individual axle 
lighting equipment. 


Steam Head End System 


The general operation of the head end system is to light the 
train and charge the storage batteries en route. ,This is accom- 
plished in two ways: 

First—By connecting the battery across the two outside main 
train wires and dividing the 64 volt 32 cell battery in half, with a 
fixed resistance in one leg of each half, sufficient to hold the 
charging current down to normal while operating at normal lamp 
voltage (64). The chief objection is that in case the dynamo 
fails for any cause, the lamps burn at %4 voltage from the bat- 
teries until a switch is thrown at each battery on the train to 
restore the parallel connections to series. 

Second—By connecting the 64 volt 32 cell batteries across the 
+ and — dynamo main train wires, so that the whole battery is 
in parallel with the dynamo the same as in central station prac- 
tice. In the dynamo baggage car a large resistance is placed 
across the two negative train wires and connected to a multiple 


*This committee will make a verbal report. 
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point switch. By opening the loop in rear of train and closing it 
at the dynamo. switchboard this resistance is brought into series 
with the entire lamp load of the train and the voltage of the 
lamps is thereby controlled. The dynamo voltage may then be 
raised to any point required to put a full charge into the battery. 
The entire operation is controlled by the baggageman in the 
dynamo car and by the meters on the switchboard he can judge 
just what is going on in his train and about what amount of 
current each battery is taking. This arrangement is being used 
by the Chicago, Burlington & Quincy, the Northern Pacific and 
the Chicago, Milwaukee & St. Paul. 


Axle Head End System 


The Northern Pacific has for the past two years been oper- 
ating a head end 25 kw. axle driven dynamo on one of its 
trains with very satisfactory results. The committee’s report at 
our 1914 convention in Chicago fully described the operation of 
this device and pointed out the saving in operating expenses over 
the standard steam driven dynamo for head end train lighting. 
I have a short, up-to-date report from the Northern Pacific on 
this axle system, as follows: 

March 17, 1916—The original car has ag 140,000 miles with- 
out a lighting failure. The original driving chains made 120,000 
miles before it was necessary to renew the pins. The chains have 
been repinned and are practically as good as new, and we expect 
to obtain approximately the same mileage from them. 

Two new equipments were put in service on steel cars 1418 
and 1419 on June 8, 1915. These cars are operating in trains Nos. 
65 and 66, between St. Paul and Duluth. The service is local. 
To date each equipment has made 44,000 miles without a light 
failure. 

The enginemen on this division (the Lake Superior) estimate 
that a saving of one ton of coal per night over the head end tur- 
bine system is made. This is equivalent to approximately 200 lb. 
of coal per hour of lighting. The same enginemen state they 
can notice no difference whatever in the pulling of the train. 

Among other advantages of the system is that the steam leak- 
age between tender and dynamo car is reduced to a minimum, 
inasmuch as the pressure carried is reduced to an amount just 
sufficient to supply the necessary steam heat. -Steam leakage be- 
tween tender and dynamo car and the exhaust from the turbine 
while standing in stations are frequently a great hindrance to en- 
ginemen in making proper location stops and in observation of 
signals from train crews. This is particularly troublesome in cold 
weather. The service rendered by the new equipments has been 
satisfactory both mechanically and in efficiency of operation. 

We are at the present time installing an additional equipment 
on the Minnesota & International, a subsidiary line of this com- 
pany. This equipment consists of a 16% kw., 80 volt, six pole, 
commutating pole, flat compound wound direct current generator 
equipped with roller bearings. The generator is driven with a 
5-in. Morse silent chain from a roller bearing countershaft. The 
countershaft is in turn driven with a 5-in. Morse chain from the 
forward axle of the forward truck. All pinions are of gray iron 
without flanges. 

The control apparatus consists of one generator panel, one 
lamp regulator panel and one lamp regulator multiplier panel. 
The generator control panel is so designed that it will limit the 
total generator current to either 100, 125, 150, 175 or 200 am- 
peres, and limit the generator voltage to 78 volts cold and 83 
volts hot, and also so designed that the automatic switch will cut 
in when generator voltage reaches 66 volts cold and 68 volts hot, 
and drop out when there is a reversed current of 10 amperes 
flowing through its coil. The lamp regulator is of sufficient 
capacity to handle an entire train and when hot to maintain 
lamp voltage at 66 volts with a maximum gradual variation of 
11% volts each side of normal, with a current range of from 20 
to 125 amperes. 

The difference between the new equipment for the Minnesota 
& International and the first three equipments is in the design 
of the suspension. In the new design the generator and jack 
shaft are fastened to the same castings making them always in 
line, which, as you will readily see, is very essential. In addition, 
the center line of the jack shaft was raised slightly so that it lies 
in the same horizontal plane as the car wheel axle, producing a 
minimum change in chain tension, due to vertical movements of 
the car axle. The design of suspension under this car is now 
such that it can be applied to any standard truck. The suspension 
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is so arranged that it is all above the truck frame, which very 
materially facilitates the handling of wheels in and out of trucks 
at repair points. 

We expect to put the Minnesota & International service into 
effect in about two weeks. 


Headlight Turbine Head End System 


The latest scheme in head end lighting is to use the locomotive 
electrict headlight turbo-generator. Locomotives are required 
by law to carry an electric-lighted head lamp, and it is of such 
importance that it is surrounded by every safeguard that can be 
devised to keep it in operation. It, therefore, became a very 
reliable source for lighting lamps in cars, within the capacity of 
the headlight generator, on short outlying divisions, where the 
expense of the regular electric train lighting devices are not 
warranted. This system is well described by L. S. Billan, asst. 
electrical engineer of the Baltimore & Ohio, as follows: 

“Data pertaining to electric lighting of Staten Island trains and 
notes on head end system of train lighting with headlight gener- 
ating equipment. 

“There are certain classes of passenger train service where it 
is desirable to use a system of electric lighting that requires little 
or no expert attention and that is considerably lower in first and 
operating cost than the systems in general use. The development 
of turbo-generator equipment for locomotive headlight service 
to a point where it is reliable and possesses close voltage regula- 
tion has made possible its use for train lighting purposes, although 
to a very, limited extent. The small capacity of generator sets 
and the fact that it is impracticable to use storage batteries with 
them confines the use of this head end system of electric lighting 
to trains of short length and which can be operated intact, includ- 
ing the locomotives, throughout their entire runs. As common 
to all forms of head end system where no secondary lighting is 
provided the cars can be operated only in trains properly 
equipped. 

“The operating conditions of passenger train service on the 
Staten Island Railway and the Staten Island Rapid Transit Rail- 
way, subsidiary companies of the Baltimore & Ohio system, are 
admirably adapted for the use of this system. With a view to 
improving the lighting of these cars which have heretofore been 
using oil lamps, electric lighting is now being installed on the 
entire passenger equipment. These railroads operate on Staten 
Island, New York, the passenger service being exclusively sub- 
urban and local in character, while the equipment is smaller size 
than standard steam railroad passenger cars and cannot be oper- 
ated with them. < 

“The 110 volt, two-wire train line, head end system has been 
installed, current being supplied from special turbine generator 
headlight equipments mounted on the locomotives, no batteries 
being employed. The 110 volt system was adopted to permit 
lighting cars at the terminal points from the station service if it 
were ever found desirable to do so and to permit using small 
size train line wires. On account of these cars being unable to 
operate in interchange with standard railroad equipment, the 
objection to adopting the special voltage did not hold good in 
this case. 

“The turbine generator equipments are of special design of 
2,500 watt capacity and generators are wound for 110 volts. There 


are twenty-four equipments being installed, twelve being fur- 


nished by the Schroeder Headlight Company and twelve by the 
Plye-National Electric Company. This capacity was required on 
account of lighting load of train, the normal maximum length 
being six cars, occasionally reaching eight cars. The cars are 
equipped with four or five lighting fixtures, depending upon the 
length of the car, at approximately three-seat spacings. 
Standard 60 watt 110 volt tungsten lamps with Holophane velvet 
finish reflectors are employed. The fixtures are of the pendant 
type, designed primarily for street car service, and are mounted 
from condulet fittings, the conduit being located on the ceiling 
of the car. There is but a single lighting circuit per car, thus 
eliminating necessity for switchboard panel, a standard condulet 
type of box with switch and cut-out being used. Wiring dia- 
grams, bills of wiring material, conduit diagrams, photographs, 
etc., of this system as well as of a similar system installed on 
the Chicago & North Western were given in an article appearing 
in the June, 1916, issue of the Railway Electrical Engineer. 

“A special car coupler for the electric circuits has been used, 
being located helow the platform. These couplers were manu- 
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factured by the Consolidated Car Heating Company, having been 
designed originally for use on certain elevated lines in New York 
for carrying the electric lighting circuits through the train. The 
jumpers are of single conductor type one side of the circuit being 
run on one side of the car and one on the other. The purpose 
of using a coupler of this general design is to secure a construc- 
tion in which one end of jumper is permanently attached to the 
car wiring. Installation cost for car wiring, conduit and fixtures 
is approximately $75.00 per car and $210.00 per locomotive, in- 
cluding the turbine equipment, wiring, etc. 

“Some tests made showed a very satisfactory voltage regula- 
tion, the maximum variation not exceeding 5 volts within the 
normal load of turbine and working limits of the steam pressure. 
The same general system of head end lighting is also being in- 
stalled on two or three trains in local and branch line service on 
the Baltimore & Ohio system. In this case the 30 volt system, 
with the standard M. C. B. train line jumper connections between 
cars (Gibb connectors), has been adopted to conform to the 
standard train lighting practice. This permits cars equipped with 
other systems of electric lighting but provided with a standard 
train line operating in these trains without interfering with the 
head end system for the remaining cars and also in case the 
branch line cars should occasionally get into main line service 
they can be lighted by train line from an axle generator car.” 

The Chicago & North Western Ry. is also using locomotive 
head lamp equipments for lighting small trains. 

The general standard scheme of wire on the cars is used. How- 
ever, the details differ as follows: They are using the standard 
headlight turbine at 30 volts and the trains consist of three or 
four cars, with the lighting load distributed as follows: 270 watts 
on locomotive, 120 watts in baggage car, 230 watts in coach, mak- 
ing a total of 850 watts for a three car train and 1,080 watts for 
a four car train. While this service has been in use but a short 
time, the results lead the Chicago & Northwestern to feel it 
fills a very desirable place in electric train lightning. 

Ampere hour storage battery control in head end lighted cars 
is being studied. While this apparatus is in general use on axle- 
driven devices, its use on head end battery lighted cars has not 
been satisfactorily worked out. We have applied an ampere hour 
control to one of our head end cars, and it has been in use so 
short a time I cannot give a report. It seems reasonably certain 
that it will work and fill an important place in the control of 
storage battery charging on head end lighted cars. 


Sub-committee—C. R. Gmman, Chicago, Milwaukee & St. 
Paul, chairman. 


lllumination 


Your committee this year has continued the work from last 
year and investigated such other subjects as were recommended 
by the executive committee. These cover (a) the results of an 
extensive study of the problem of properly illuminating railroad 
yards, (b) changes in the rating of train lighting lamps and the 
determination upon standard sizes of type C or gas filled lamps 
for train lighting service, (c) progress report on the revision of 
the association’s incandescent lamp specifications, and (d) in line 
with the practice established last year a brief résumé of the 
more important developments in the incandescent lamp field. 


Sub-Committee “A” on IJlumine-e 
ation of Railroad Yards 


The importance of securing more efficient and rapid operation 
of railroad yards at night time has long been recognized, but 
relatively little study has been given to the subject of securing 
adequate artificial illumination that will permit operation ap- 
proaching daylight conditions. Also the increased damage to 
rolling stock and freight occurring in yards at night time should 
be materially reduced by the providing of ample and proper illu- 
mination, During the past two years your committee has there- 
fore devoted considerable time and effort to the investigation of 
this subject, the results of which are embodied in the following: 


Methods of Mounting Lighting Units 


There are three practical methods of supporting lighting units. 
These are: 1. Towers. 2. Poles. 3. Catenary construction. 
Towers may be built to any height desired, and become cheaper 
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per foot of height as the height is increased (within limits). 
Tower construction is, in the majority of cases, not economical 
on account of the high first cost and the possibility of future 
changes or removal of the yards, which would make the towers 
useless. Catenary construction is excellent in allowing proper 
location of units, but is expensive and subject to rapid deteriora- 
tion. For wide spacing of units, towers or poles are the most 
economical—poles being preferable in the majority of cases. For 
close spacing of units, catenary construction will be found the 
cheapest and most satisfactory. The usual space between poles 
for distribution lines is about 100 ft. The most economical in- 
stallation will use these poles for supporting the lighting units. 
This would allow lighting units to be placed either 100 ft. or 200 
ft. apart and approximately 35 ft. in the air (35 feet being the 
most practical mounting height on wooden poles). 


The Photometric Curve 


Intensity of light, or candle-power, is measured by an instru- 
ment known as the photometer. This compares the intensity 
being measured, with the known intensity of a standard lamp 
and evaluates the former in terms of the latter. The photometric 
curve is a curve showing these measured candle-power values 
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Fig. 1—Spacing Distance Between Units for Various Heights of 
Lighting Units Above Tracks 


of a light source, in all directions in a given plane. The photo- 
metric curve is, then, the graphical representation of the suitabil- 
ity of a lighting unit for certain spacings and mounting heights, 
as far as the proper distribution of light from these units is 
concerned. Your committee has decided to use the photometric 
curve as the proper basis upon which to make its recommenda- 
tions, rather than to specify the use of any particular lighting 
units. 


Types of Yards 


The four general classes of yards whose efficiency can be more 
or less increased by proper artificial lighting are: 


°o 
Cut-ofF, 
Fig. 2—Type of Reflector for Lighting Approach to Apex of Hump 


1. Classification yards. 

2. Reloading yards—yards in which freight is unloaded to 
the ground and transferred to other cars or boats. 

3. Repair yards. 

4. Storage yards. 

Of these four types, the Classification Yard is by far the most 
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important. For this reason your committee has devoted most 
of its time to the study of this one type of yard and will give 
only general suggestions in this report as to the methods of 
lighting the other three types. 


Recommendations for Classification Yard Lighting 


When considering the question of lighting a classification yard, 
it should be divided into the following sections: 
1. Approach to apex of hump. 
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Fig. 3—Maximum and Minimum Distribution Curve for Reflector 
for Lighting Units Placed at Approach to Apex of Hump, Candle 
Power Values for 35 Ft. Mounting Height. 

2. Apex of hump. (a) With scales. (b) Without scales. 

3. Ladder track. 

4. Body of yard. 

Approach to Apex of Hump 

1. Units should be spaced as shown in Fig. 1. 

2. Units should be placed on side of track from which car 
cutters operate. 

3. Units should be placed 1/3 their mounting height from 


side of track. 
4. A reflector should be used that covers the lamp, keeps 
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Fig. 4—Multiplying Factors for Candle Power Values to Be Used 
with Mounting Heights of Other Than 35 Ft. 


Height ta Feet of lates above Tratks. 


light out of the eyes of trainmen and does not interfere with 
signals. (Fig. 2 shows such a unit.) 

5. A unit should be used giving a distribution of light coming 
within the limits shown by Fig. 3. 

6. The candle-power values shown in Fig. 3 should be mul- 
tiplied by the factor shown in Fig. 4, when mounting the height 
of units is other than 35 feet. 
Apex of Hump 

1. With scales—lighting should be as shown in Fig. 5. 

2. Without scales—one unit giving a distribution of light as 
shown by Fig. 3, should be mounted on each side of the tracks, 
30 feet above the tracks and 16 feet out from side of tracks. 
Ladder Tracks 

1. Units should not exceed spacings shown in Fig, 1. 
preferable to us 3/4 values for distance between units.) 

2. Units should be placed as close to switchés as possible. 

3. Every switch should have a unit not more than 40 feet 
distant from it. ; 


(It is 
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4. A unit should be used giving a distribution similar to the located in accordance with the specification outlined above. 
maximum curve shown by Fig. 3. 


5. The candle-power values shown by maximum curve in Reloading Yards 
Fig. 3 should be multiplied by the factor in Fig. 4, when mount- Reloading yards have no particular standard characteristics and 
ing height of units is other than 35 feet. are laid out in so many different ways that it is impossible to 
Body of Yard make standard recommendations for the illumination of this 
1. Units in a row should be spaced as shown in Fig. 1. type of yard. 
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Fig. 5—Arrangement of Lighting Units for Track Scales Lighting. Distribution Curves for the Lighting Units Used Are Shown in Fig. 5A. 


2. Rows of units should not exceed spacings shown in Fig. 1. There are usually fairly large open spaces between tracks, in 
(It is preferable to use 3/4 values for distance between which most of the work is done. These spaces should have a 
rows. ) moderate, uniform horizontal illumination and glare should be 
3. Units in adjacent rows should be staggered. eliminated as much as possible. Probably a unit giving a dis- 


tribution similar to the maximum curve in Fig. 3 is the best for 
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Fig. 6—Maximum and Minimum Distribution Curve for Lighting 
Units Placed in the Body of the Yard, Candle Power Values for 
35 Ft. Mounting Height. 
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this work. The distance between units should be about 2 
times their mounting height. 
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Fig. 5A—Distribution Curves for Track Scale Lighting Units Repair Yards 


Arranged as Shown in Fig. 5 : . 
A repair yard consists of a number of tracks spaced close to- 


4. A unit should be used giving a distribution of light coming gether. Each of the cars on these tracks should be evenly 
within the limits shown by Fig. 6. : lighted on the roof and sides and as much light should be 
5. The candle-power values shown in Fig. 6 should be mul- thrown under the cars as is possible. This means that there 
tiplied by the factor shown in Fig. 4, when the mounting height should be a row of lighting units between each pair of tracks. 
of units is other than 35 feet. The units should be placed about 16 feet above the ground with 
Typical Lay-Out of Yard 4 distance between units of approximately 30 feet. The best 
Figure 7 shows a typical yard lay-out, with lighting units unit for this service is a 100-watt or 200-watt tungsten Type e 
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lamp with a porcelain enameled shallow dome reflector which 
covers the lamp filament to about 10 degrees below the hori- 
zontal. For supporting these lighting units, catenary suspension 
will be found satisfactory. 


Storage Yards 


A storage yard should require very little lighting. About all 
that is needed is general illumination sufficient to permit passage 
among the cars without danger and to discourage unlawfulness. 

A system of lighting similar to that recommended for the body 
of a classification yard is satisfactory, although a lower intensity 
of illumination mdy be permitted. Another method is to use 
search lights, or projectors at one or both ends of the yard, 
which direct beams of light down between the rows of cars. 
On account of objectionable glare effect from such arrangement 
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Fig. 7—Typical Layout of Classification Yard Showing Location of 
Lighting Units 


of lights it is not as satisfactory as the former method recom- 
mended. 


Lighting Units 
The subject of selection of lighting units that will meet these 
requirements is a large and important one. Your committee 
has collected considerable data in this connection, but has been 


unable to complete the work in time for presentation to the 
association this year. 


Sub-Committee ‘BB’? om Rating 
of Train Lighting Lamps 


A preliminary report was made at the Atlantic City convention 
last June concerning the rating of train lighting lamps, and it 
was ordered that the report then made be submitted to letter 
ballot. The report has been revised for this purpose as follows: 

The introduction of the gas filled lamp brings with it a change 
in the method of rating. This type of lamp should not be rated 
in terms of mean horizontal candle-power as this value varies 
greatly in lamps of the same size. It was at first intended to 
use the mean spherical candle-power as the basis for rating. 
There is serious objection to this, however, as the mean spherical 
value of a given lamp is usually less than its mean horizontal 
value, consequently purchasers are very likely to assume that the 
candle-power of the lamp has been reduced. It appears advis- 
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able, therefore, to recommend that this type of lamp be rated in ~ 


total lumens, the total lumens being the equivalent of the spher- 
ical candle-power multiplied by 12.57. The lumen values shall 
be used for inspection and test purposes only, while the lamps 
shall continue to be sold under and known by their wattage 
names. 

So far as the train lighting schedules are concerned, the gas. 
filled lamp can probably be furnished eventually in sizes from 
15 watts upward for the 30-34 volt range, and from 25 watts up- 
ward for the 60-65 volt range. This leaves one lamp in the 30-34 
volt range and three in the 60-65 volt range of the vacuum type 
which are now rated in mean horizontal candle-power, but which 
can be rated in total lumens equally well. It is recommended 
that these four lamps also be rated in total lumens so as to 
place all of the lamps in train lighting service on the same basis. 
of rating. 

In preparing new schedules for train lighting lamps in which 
inspection limits, etc., are now based upon total lumens, it will 
be necessary to make slight changes in the sizes of some of the 
lamps now used. The following tabulation gives the lumen 
values for the lamps now regularly manufactured, also the pro- 


posed total lumens in accordance with the changes above out- 
lined. 


Nominal Size of Present Total Proposed 
Lamp in Watts _ Lumens . Total Lumens. 
10 85 85 
15 130 4125 
20 180 | 175 
25 220 250 
40 390 500 
75 815 zs 
80 iy 1,000 
120 sh 1,500 


*This lamp to be abandoned. 
+Substitute for 75 watt lamp. 
tNew lamp. 


Note: The 500, 1,000 and 1,500 lumen lamps will be available 


only in the gas filled type. 


There will be slight differences of efficiency in these lamps. 
owing to the two voltage ranges used in train lighting service. 
The two following schedules show the approximate sizes of train 
lighting lamps in both the 30-34 and the 60-34 volt ranges, also 
the proposed lumen value, bulb designation, etc. It is expected 
that the progress of the art during the next few years will 
permit the lamps marked thus (*) being made in the gas filled 
type. 


2 
30-34 VOLT RANGES. 

Nominal Lumens Length 
Sizes in Total per Bulb Over all 
Watts Lumens Watt Designation Inches 

10 85 S-17 45% 
*15 125 
*2(0) 175 
725 250 en 
*40 500 13.2 PS-20 5to 5% 
*80 1,000 14.80 PS-22 6% 
*120 1,500 15:7 PS-25 7% 
60-65 VOLT RANGES. 

Nominal Lumens Length 
Sizes in Total per Bulb Over all 
Watts Lumens Watt Designation Inches 

10 85 S-17 45% 
WS 125 S-17 45% 
20 175 S-17 45% 
*25 250 icy caete ce 
*40, 500 10.90 PS-20 5to 5% 
*80 1,000 13.20 PS-22 6% 
*120 1,500 13.95 PS-25 7% 


There is practically no demand for the present 75-watt lamp, 
and the demand for the proposed 80-watt lamp will also prob- 
ably be very limited. For this reason it is proposed to drop these 
lamps from the published schedules with the understanding that 
the manufacturers will hold themselves ready at all times to 
furnish 80-watt gas-filled lamp in case any railroad ‘desires to 
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_use it. If the demand for it increases it can be placed in the 
schedule at any time. 

Your committee feels that the range of the sizes in the pro- 
posed schedule is sufficient to meet all the train lighting require- 
ments and would recommend that as railroads may adopt the 
use of gas filled lamps for this purpose they confine their re- 
quirements to the proposed standard sizes and types as for 
obvious reasons it is undesirable to develop special sizes or types 
of lamps to meet limited demand. 


Revision of A. R. E. E. Incandescent Lamp Specifications 


The development of the gas filled incandescent lamp has 
demonstrated the necessity for adoption of some other method 
of lamp rating than the mean horizontal candle-power basis. The 
inaccuracy of using the mean horizontal candle-power as a mea- 
sure of the total illuminating value is so great for this type of 
lamp that the practice has had to be abandoned and as a conse- 
quence the mean spherical candle-power basis has now been sub- 
stituted by the lamp manufacturers for the gas filled and also 
vacuum types of lamp. As they will involve rather extensive 
changes in the present standard specifications your committee 
deemed it inadvisable to present a revised issue until develop- 
ments reached the point where this feature can be taken into 
consideration. In revising the existing lamp specifications of the 
association your committee desires to go on record as favoring 
the adoption of the following: 

1. The form of specification shall comprise two parts; one 
covering the general text of the specifications which is likely 
to require but infrequent revision and may therefore be prepared 
in printed or other permanent form; the other covering the var- 
ious lamp schedules which are subject to comparatively frequent 
changes and should therefore be prepared in loose leaf form sup- 
plementary to the body of specifications that will permit the ready 
revision of any or all of the schedules without necessity for re- 
issuing the entire specification. 

2. The lumen as the unit of light flux shall be substituted for 
candle-power for lamp rating purposes. It should be understood 
that this does not imply that the nominal rating or name (watts 
or candle-power) by which the lamps are designated should 
necessarily be changed at the same time. 

The lumen is the unit for measurement of quantity of light 
and has been approved by scientific and engineering societies and 
by leading engineering opinion. The lumens value for any lamp 
is readily obtained by multiplying the mean spherical candle- 
power by 12.57 (4,7). 

Incidental to rating lamps in the terms of this unit the lamp 
efficiency will be expressed in lumens per watt instead of watts 
per candle. This latter term as a measure of lamp efficiency is 
a misnomer as it actually expresses the specific consumption of 
the lamp and therefore an increase in efficiency of the lamp will 
show an increase in the lumens per watt which is a more logical 
and proper method of expressing efficiency than by a method 
employing reciprocal values. 

Present developments would indicate that it will be practicable 
to revise the specifications during the coming year to include 
these features and that at the next convention a reissue of the 
present specifications can be presented to the association. 


Development in Incandescent Lamp Field 


Development in incandescent lamps during the past year has 
been largely in the nature of refinements in manufacture result- 
ing in improvement in quality, better uniformity of product and 
in some lamp sizes higher efficiency. New lamps that have been 
placed on the market since last year’s report are: 

250 watt gas filled, G-30 bulb, 105-125 volt flood-lighting lamp. 

100 watt gas filled, G-25, 105-125 volt stereopticon lamp, re- 
placing vacuum, G-30 bulb lamp of same character. 

75 watt gas filled, PS-22 bulb, 105-125 volt lanmip for multiple 
burning service. 

50 watt vacuum, S-19 bulb, 105-125 volt lamp for multiple burn- 
ing service. 

Attention is called also to the serious problems the lamp manu- 
facturers have had to meet due to the unsettled conditions 
brought about by the war. The importation of raw material used 
in the manufacture of incandescent lamps has been greatly cur- 
tailed and at the same time much new business has come to 
America which formerly went to Europe. This has placed the 
American manufacturers in an embarrassing. position. It has 
been necessary for them to develop quickly new sources of raw 
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material and to increase greatly their production, Labor has 
been scarce and difficult to secure. By the development of new 
automatic and semi-automatic machinery for use in various proc- 
esses of lamp manufacture it has been possible to meet the 
situation successfully to a large extent and at the same time fur- 
nish the finished product at no increase in price, in face of the 
marked rise in cost of raw material and labor. The use of such 
machinery will also tend to increase materially the uniformity of 
the lamp product. 
Recommendations 


The activity of this committee during the coming year should 
be directed primarily towards the revision of specifications for 
the purchase of incandescent lamps along the lines outlined, the 
standardization of voltages for all classes of lamps and a thor- 
ough investigation of incandescent lamps for locomotive head- 
light purposes. 

Committee: L. S. Bitrau, Baltimore & Ohio, chairman; 
Josep A. ANDREUCETTI, Chicago & North Western; J. E-. 
GarpNER, Chicago, Burlington & Quincy; H. C. Mertoy, New 
York Central; J. L. Mrnicx, Pennsylvania; G. O. Moorss, 
Edison Lamp Works of General Electric Company; L. C. Por- 
Baltimore & Ohio; J. R. SLtoAn, Pennsylvania; C. W. Benner, 
National Lamp Works; L. C. Doang, Ivanhoe-Regent Works; 
W. H. Rortson, Westinghouse Lamp Company; H. Scuroeper, 
TER, Edison Lamp Works of General Electric Company. 


Wireless Telephome and Telee- 
graph as Applied to Move 
ing Trains* 

Dr. F. H. Mitrener, Union Pacific, chairman; J. H. WickMAN, 

Illinois Central; D. J. Cartwricut, Lehigh Valley. 


Auditing Committee” 


H. G. Myers, Atchison, Topeka & Santa Fe, chairman; R. 
PAcHALY, Chicago, Rock Island & Pacific; J. G. EBrrver, Chicago, 
Rock Island & Pacific. 


Wilumination and Efficiency 


Careful attention should be given the proper lighting 
of the workshop and factory or of any industrial estab- 
lishment. The intimate’ relation between good illumina- 
tion and the efficiency, safety, and bodily welfare of the 
employee should be considered and steps taken to see 
that good illumination is afforded all workers. For 
years many have been working in the dark, yet none 
would venture to say that a workman could work to his 
full capacity unless his work were adequately and proper- 
ly illuminated. The most enthusiastic supporters of 
proper lighting for shops are those who have taken the 
steps to insure it and have seen the benefits thus derived. 
Increased efficiency in mills, varying from 2 to 10 per 
cent has been reported as a result of improved lighting 
conditions. The industrial commission of one state re- 
ports that in one steel plant an efficient lighting system 
was installed and the output at night was increased 10 
per cent. To determine if this increase was due to the 
illumination, the old system was tried for a time and the 
output fell 10 per cent. The improved lighting system 
was used again and the output rose to that attained be- 
fore. The ill effects of bad lighting, such as impairment 
of eyesight, the depressing effect on the worker, and his 
resulting attitude toward his work and his employer, 
should also be considered—Technical Paper 102, Depart- 
ment of the Interior, on Health Conservation at Steel 
Mills. 


*This committee will make a verbal report. 


A. B. C. Car Lighting Course 
Lesson No. 55 
Stonecl ranklin Systemn 


In the last three lessons we have covered the theoretical 
operation and the details of construction of the Stone- 
Franklin Car Lighting System, also the maintenance of 
the generator and suspension. This lesson will be de- 
voted to the switchboard equipment. 

While the auxiliary apparatus for the predecessor of 
the Stone-Franklin equipment—the Stone equipment— 
was designed entirely for underframe application, the 
modern Stone-Franklin equipment has been so remodeled 
and designed to conform with the standard American 
practice, that the necessary automatic switches are 
mounted on panels as shown in Fig. 1. The complete 
panel is located inside the car in the switchboard locker 
so that the wiring to the underframe is greatly simplified 
and the switch apparatus is more accessible and more 
readily maintained ; in other words, the Franklin Railway 
Supply Company has adopted a method of application 
which is considered best car lighting practice in the United 
States. 


The Switchboard Panels 


The modern Stone-Franklin equipment is now operat- 
ing with ampere hour meter control in order to still 
further protect the batteries from harmful overcharging, 
and a special panel has been designed for this purpose, 
known as type L. The type D panel contains the auto- 
matic cut-in and out switch, the battery change-over 
switch, the generator field and main fuses and the lamp 
resistances. The main light switchboard on the top of the 
panel consists of a 4, 6 or 10 circuit board; fitted with 
main light and train line switch, and plug fuses and sub- 
sidiary switches for the various. lamp circuits. All the 
wiring is of busbar construction and is readily accessible. 


Single Battery Equipment 


For non-passenger carrying cars the Franklin Company 
is manufacturing a single battery equipment with which 
the standard T-35 generator is used. The auxiliary ap- 
paratus is mounted on a panel known as type S, which is 
a combination of an automatic switch panel and main light 
panel with the battery change-over switch eliminated. 
The panel is so designed that the ampere hour meter 
panel type L can be readily connected in without interfer- 
ing with the existing wiring. This equipment is espe- 
cially designed for lighting baggage, express cars and 
other non-passenger carrying cars. 


Automatic Panel Board, Type D 


The terminal connections of the automatic cut-in and 
out switch and the battery change-over switch, as shown 
in Fig. 3, are so designed that the switch can readily be re- 
moved from the panel without interfering with the wiring. 
The automatic cut-in and out switch is fitted with carbon 
break pieces A of ample area. The top carbon is adjust- 
able and care shou!d be taken that this is the last contact 
to break; by loosening screw B the top carbon can be ad- 
justed. 

A careful inspection of Fig. 3 will show that the main 


brush C of the automatic cut-in and out switch is adjusted 
by the two screws D. The object of this is to introduce 
a shunt E, I'ig. 4, across the series coil of this switch when 
the generator is delivering a predetermined output. This 


L-MAIN LIGHT 
PANEL 


Fig. 1—Complete Switchboard for Stone-Franklin Car Lighting 
System 


feature is particularly valuable in that only a fraction of 
an ampere of reverse current is required to throw off 
the brush when the automatic switch opens, the reason 
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being that the series coil can be wound with a consider- 
able number of turns in a limited space, due to the shunt 
carrying portion of the generator output. The result is 
that on cutting out, contact F, Fig. 3, is broken first. This 
then means that the series coil then carries all of the cur- 
rent from or to the generator. The comparatively great 
number of turns of the series coil, together with the spe- 


Fig. 2—Wiring Diagram of the Stone-Franklin Car Lighting Switch- 
board 


cial magnetic system described in Lesson 53, on page 436 
of the July issue, insures that this automatic cut-in and 
out switch opens with a maximum discharge current of 
one-half to one ampere. 

Should necessity ever arise this switch can readily be 
removed from the panel by taking off the two fixing nuts 
G, Fig. 3, and removing the terminal screws H. The 
back view of the switch is shown as removed from the 
board in Fig. 4. In order to remove the plunger, remove 
screw /, Fig. 4, fixing main flexible lead to the movable 
portion of the switch, unscrew the knurled nut J after 
‘having loosened set screw K, Fig. 3, and remove the 
plunger entirely with main brush, as shown in Fig. 5. 

To remove the series and shunt coils from the switch, 
remove resistance short circuiting brush L, Fig. 3, by 
taking out the two screws M, Fig. 5, loosen set screw N, 
Fig. 6, and unscrew top pole piece O, as shown in Fig. 6. 
The brass tube P, Fig. 7, which goes through the coils 
and surrounds the core can now be unscrewed from the 
lower portion of the switch casting. This tube is made 
just the length of the coils, so that it can easily be slipped 
into place, after which, in order to center it with the bot- 
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tom part. of the switch, it is threaded into the boss pro- 
vided to take the knurled adjusting nut shown at J, Fig. 
4. From this it is clear that in order to withdraw the 
coils, the brass tube must be unscrewed from the inside 
by means o/ the finger or a screw-driver handle, and is 
removed with the coils, as shown in Fig. 7. The coils 
are protected, top and bottom, by bakelite washers Rk, 
and the two coils of this switch are arranged so that the 
shunt coil fits snugly inside the series coil. 

After necessary repairs have been made and switch 
has been carefully reassembled, the following test 
should he made. On lifting up plunger care should be 
taker. that when carbon contact A, Fig: 3, closes, contact 
S, Fig. 3, should be about 1/16 in. from the top contact, 
and contact F should be % in. away from its top contact. 
In this manner it is insured that the shunt is connected 
across the series coil after the generator delivers a pre- 


Fig. 3—Generator Control Panel Containing the Main Cut-In and 
Out Switch on the Left and the Battery Change-Over Switch on 
the Right. 


determined amount of current, so that the series coil can 
exert its pull on the switch before the shunt is intro- 
duced. It is seldom, however, that adjustments in this 
dizection are necessary, since the brush is made sym- 
metrica! and upper or stationary portion of contact at F 
is higher by 1/16 in. than the similar contact plate on 
the right, thus making the air gap on the left twice as 
great as that on the right, thereby insuring that the left 
contact opens first, thus disconnecting the shunt across 
the series coil, making the coil very effective on a mini. 
mum reverse current which should not be more than one- 
half an ampere. 

The adjusting screw 7, Fig. 3, on the top of the re- 
sistance short circuiting brush serves to calibrate the in- 
troduction and short circuiting of lamp resistance. The 
flat spring U serves to increase the tension at contact T. 
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Screw V’ fixes the negative shunt lead to the correct ter- 
minal, as shown in Fig. 3. 


Battery Change-Over Switch 


While it may probably never be necessary to remove 
the battery change-over switch, the construction of which 
is of extremely substantial design, it is well here to point 
out how this is accomplished. By loosening the four 


terminal screws WW’, Fig. 3, and removing the four nuts 
X from the fixing studs, the switch can be taken off the 
To dismantle the switch entirely, remove the four 


panel. 
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hand side of panel D at the bottom we have No. 1 which 
connects directly to the main negative generator. This 
terminal, however, is fitted with two studs, the second 
one serving to connect the negative of the charging re- 
ceptacle if it is required to read the separate charging of 
batteries on the ampere hour meter. If this is not re- 
quired, the charging receptacle negative lead is directly 
connected to the battery negative. No. 9, the next ter- 
minal, is connected to the common negative of the bat- 
teries and this completes the negative side of the ter- 
minals. Terminal No. 2 leads directly to the positive of 


Fig. 4 Fig. 5 


The Illustrations Show the Various Stages in the Dismantling of the Main Cut-In and Out Switch. 


" Fig. 6 srt’ 
This Switch Completely Dismantled 


Is Shown in Fig. 7 


contact brushes Y, as shown in Fig. 8. After this the 
bearing bracket Z is removed and the contact disc A 
complete can be taken out as shown in Fig. 9. The 
plunger Q is now free to be taken out from the bottom of 
the switch, as shown in Fig. 10, and by removing the top 
part of the core B, Fig. 10, the shunt coil can also be 
taken out. On re-assembling the switch, care should be 
taken that the contact disc A is so adjusted by means of 
the bearing screw C, Fig. 10, that the correct tension on 
these contact brushes is obtained. 

In connection with the maintenance of battery change- 


generator, and No. 3 accommodates the positive field 
wire. Terminals Nos. 5 and 7 are connected to the two 
positives of the two units of the storage battery. 

The corresponding terminals at the top of the panel 
have been arranged to facilitate the general wiring of 
the complete system and in addition to that we have ter- 
minal Ne. 4 which feeds the lamp resistances, the lamp 
current being conducted away from terminal No. 6, so 
that terminal No. 4 can be called the 40-volt terminal, 
while No. 6, when the lamps are on, can be termed the 
30-volt terminal. At each side of the resistance frame, 


Fig. 
Showing the Main Cut-In and Out Switch Completely Dismantled and Two Stages in the Dismantling of the Battery Change-Over Switch 


Fig 8 


over switch it is advisable to place a little vaseline on the 
surface of the contact disc at intervals of from three to 
four months. A little oil hole is provided in the front 
bearing of the spindle for the contact disc, through 
which, at equal intervals, a little oil should be inserted. 
The steel plunger is coppered to prevent rusting. The 
same is true of the plunger of the automatic cut-in and 
out switch. 


Terminal Connections 


Finally, it may be of interest to study the terminal con- 
nections of these panels shown in Fig. 1. On the left 


Fig. 9 


fixed to the top of panel D, Fig. 1, there is a small ter- 
minal T which is connected to the positive side of cer- 
tain individual lamp circuit switches on the switchboard 
so as to introduce the correct resistance in these lamp 
circuits. This insures that practically all of the lamp cur- 
rent is furnished by the generator and perfect lamp 
voltage regulation is obtained. 

To test the battery change-over switch coil, remove the 
main fuse and push in automatic cut-in and out switch, 
which will operate the battery change-over switch if the 
solenoid coil is in order. Great care must be taken, how- 
ever, that the main fuse is drawn before this test is made, 
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‘as the closing of the automatic cut-in switch with the 
fuse in place, with the latest equipment, might cause a 
heavy current to flow through the armature from the 
batteries, the pole changer in the new equipment having 
been greatly simplified. 


Lamp Resistances 


The lamp resistances should be inspected periodically 
by switching on the lamps and lifting by hand the resist- 


Fig. 10—The Battery Change-Over Switch Completely Dismantled 
| 


ance short circuiting brush on top of the automatic cut-in 
and out switch. This will warm up the resistance tubes 
slightly and the maintenance man is thus insured of 
continuity. 
Ampere Hour Meter Panel, Type L 
Very little need be said with reference to this panel, 
as the ampere hour meter can be readily removed by re- 


moving the four nuts from the fixing screws D, Fig. 11. 
Provision is also made for the connection of the thermo- 


Fig. 


11—The Ampere Hour Meter Control Panel Containing the 
Ampere Hour Meter with Its Relay 


couple of the latest type ampere hour meter, as shown 
under the meter in Fig. 1. Since with the Stone-Frank- 
lin equipment the ampere hour meter is in the negative 
circuit, this thermo-couple connection must needs be on 
the battery positive side. The relay used in connection 
with the ampere hour meter, shown with cover removed 
in Fig. 11, serves to make the generator inoperative 
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when the ampere hour meter hand reaches zero. The 
armature of the relay, which is gravity held, is fitted with 
a small flexible brush and carbon break, and serves to 
establish connection between terminals 2 and 3; in other 
words, between generator positive and generator field. 

It is, therefore, clear that if at any time this panel 
should have to be removed for any reason, all that would 
be necessary would be to use a copper jumper between 
terminals 2 and 3 on a type D board, as well as a jumper 
between 1 and 9 on the top of the panel board, as shown 
in Fig. 7 on page 436 of the July issue, where the equip- 
ment is shown without ampere hour meter panel. 


Main Light Switchboard 


The main lhght switchboard panel furnished by the 
Franklin Railway Supply Company is a 4-circuit board 
for coaches, a 6 or 10 circuit board for dining cars, pri- 
vate cars, sleeping cars, parlor cars, etc. The panel is 
fitted with a double-pole single-throw train line switch 
and is connected to the 40-volt side of the equipment, so 
that any car trainlined to a Stone-Franklin equipment 
will be supplied with current at 40 volts pressure. 

The main light switch is a double-pole double-throw 
switch of special design, which, in the “off” position, 
parallels the two units of the storage batteries. A little 
vaseline applied to the blades of these switches at inter- 
vals will tend to keep them in good service condition. 
Terminals on this switchboard are arranged to line up 
either with type L or type D board, so as to simplify the 
wiring of the complete switchboard. 


ELECTRIFICATION OF NORWEGIAN RatiLways.—A. be- 
ginning is soon to be made for the electrification of. the 
State railways of Norway. The railway committee of 
the Storthing recently approved the proposal for the elec- 
trification of the line running from Christiania to Dram- 
men, the estimated cost of which will be $6,520,000. 


Copper IN 1916.—It is estimated that 20 leading cop- 
per companies operating in the United States, Canada 
and South America produced approximately 895,000,000 
lb. of copper in the first half of 1916. This is an increase 
of 299,000,000 Ib., or 50 per cent over the first half of the 
year 1915.—Iron Age. 


AEROPLANE Exports Five Mitiions.—Aeroplane ex- 
ports for the fiscal year ended June 30, 1916, were 269, 
against 152 to June 30, 1915, and only 34 to June 30, 
1914. The valuation of the exports of aeroplane parts 
for the fiscal year ended June 30, this year, was $4,843,- 
610, but only $583,427 and $37,225 for the fiscal years of 
1915 and 1914.—Iron Age. 


ELEctricAL Boom.—So much has been said and writ- 
ten regarding the steel boom that the equal prosperity of 
the electrical industry has not received nearly the em- 
phasis which its importance deserves. In the first nine 
months of 1916, the incoming orders booked by the three 
largest electrical corporations were at the rate of $354,- 
000,000 per annum. This is 50 per cent more than the 
new business ever taken by these companies during the 
best previous year in their history, and is so far in excess 
of their productive capacity that total orders filled can- 
not possibly exceed $280,000,000. At least $75,000,000 
of orders will be unfilled, or nearly 30 per cent of the 
probable 1916 shipments.—Wall Street Journal. 
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First Prize 
An Armature Hand Press 


The illustrations show a hand press for removing ball 
bearings from axle generator armature shafts and also 
for removing shafts from armatures. Axle generators 
for car lighting usually have the pulley end bearing 
forced upon the shaft under pressure and the shaft is 
usually forced in armature in a like manner. The hand 
press described herewith will quickly and safely remove 
these parts. 

The sketch in Fig. 1 shows the hand press to be con- 
structed from two 2 in. x 16 in. steel plates, four 1% in. 


Fig. 2. 


Fig. 3. 


Fig. |. 


x 48 in. steel rods, one 2 in. x 8% in. screw with 4 in. 
square head, one 1 in. x 30 in. steel handle bar and eight 
1% in. hex. nuts. 

To remove a bearing from the shaft, suspend the arma- 
ture with pulley end head complete from head flange upon 
two wooden uprights (b) Fig. 2, after removing thrust 
washer (t) Fig. 2 from armature shaft. Then by turn- 
ing screw (a) Fig. 2, armature and shaft will be pressed 
in a downward direction free from head and bearing. 
Care should be exercised to have the two uprights (b) 
Fig. 2, the same length and screw (a) Fig. 2, and arma- 
ture shaft (c) Fig. 2, in perfect line, before pressing off 
bearing, otherwise there is danger of bending armature 
shaft. 

To remove armature shaft from armature, invert the 
armature in the press as shown in Fig. 3 resting core of 
armature H upon sleeve K. Then by removing thrust 
washer E, Fig. 3, and turning screw (a) the armature 
shaft will be pressed in a downward direction free from 
the armature. 

The armature shaft and bearing can be replaced in 
like manner by using sleeves that fit over the shaft. This 
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stunt is a time saver and eliminates the danger of dam- 
age possible with the old method of sledging or bumping. 
CHARLES W. T. STuart, 
Penn. Electrician, Philadelphia, Pa. 


Second Prize 
Use of Storage Battery for Bells in Business Cars 


In order to insure the reliable operation of electric 
bells in all business cars regardless of the condition of 
the dry battery which ordinarily furnishes the current 
required, the [linois Central has decided to install double. 
throw switches to enable the porter to throw the bell cir- 
cuits on the storage battery, in series with two 40- 
watt lamps, when the dry batteries have become ex- 
hausted on the road. It is not practical to ‘determine 
the condition of a dry battery by inspection or even by 
the length of time that it has been in service, so that 
it is not good practice to throw the batteries away 
at the end of certain periods because some of them 
might still contain a large portion of their original 
strength, depending on the service to which they have 
been subjected. It has, therefore, been the practice to 
use the dry batteries as long as current could be obtained 
from them and for this reason it was not an infrequent 
occurrence to have the dry batteries in business cars fail 
on the road. 

The double throw switch, which is of the baby knife 
switch type, is installed in the switchboard locker in a 
vertical position and is so connected that when the handle 
is up the bells are on the dry cells and when the handle 
is down the bells are’on the storage battery. Directly 
under the switch is located two No. 62569 Edison main 
line cutouts containing two 40-watt tungsten lamps con- 
nected in series with the connection going to the battery 
terminals on the lower part of the switchboard. The 
connections to the battery are so made that they will be 
independent of the lamp regulator. 

Ordinarily, the switch will be up and on the dry cells. 
but if the dry cells fail while the car is on the road, the 
switch can be thrown down thereby putting the bell sys- 
tem on the storage battery. The two 40-watt lamps 
in series in the storage battery circuit will reduce the 
current to about one half an ampere and in the event of 
a ground in the bell wiring system the current will still 
be small as it will have to pass through one of the lamps. 

When installing this switch and the cutouts it is 1m- 
portant to solder all connections to the bell circuit es- 
pecially the leads from the main bell wires to the double 
throw switch. All screw heads on the switches and the 
cutout should also be carefully soldered. The switches 
cost about twenty-five cents each and the cutouts twelve 
cents, and as the installation is simple the total cost of 
providing such an emergency connection is small. 

E. W.. JANSEN, Electrical Engineer, 
Illinois Central, Chicago. 
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The next meeting of the Electric Power Club will be 
-held at the Homestead hotel, Hot Springs, Va., Novem- 
ber 15, 16, 17 and 18, 1916. 


The average installation of hydroelectric plants at the 
present time in first cost will amount to not less than $150 
per kilowatt of capacity. A first-class steam plant today, 
depending on the size, costs from about $55 to $75 per 
kilowatt capacity—Journal of Electricity, Power and 


Gas. 


The Interstate Commerce Commission has announced 
a further hearing and oral argument at its office in 
Washington on October 30 on the commission’s order 
requiring the equipment of locomotives with high power 
headlights, .the effective date of which was recently post- 
poned until January 1. 


The Western Electric Company has moved its offices 
and show rooms in Buffalo from 98 Terrace to 709-711 
Main street. The new location, with two large show 
windows fronting on as many streets, affords splendid 
display facilities, and the full line of Western Electric 
products will be carried. J. W. Tabb is the manager. 


The Hess-Bright Manufacturing Company—At a 
meeting of the Board of Directors of the Hess-Bright 
Manufacturing Company on October 6, B. D. Gray was 
elected president succeeding F. E. Bright. Mr. Bright 
remains identified with the company as chairman of 
the board. 


The Edison Storage Battery Supply Company, through 
its manager, E. M. Cutting, announces that on account 
of its growing business and insufficient room at 441 
Golden Gate avenue, it has secured the entire three floors 
and basement of building at 206-8-10 First street (near 
Howard), San Francisco, which it will occupy immedi- 
ately as office, supply room and turbtne station. 


The Interstate Commerce Commission has issued an 
order postponing from October 1 to January 1, 1917, the 
effective date of its order of June 6 requiring the equip- 
ment of locomotives with high power headlights. Rules 
29 and 31 of the order, referring to locomotives in road 
and yard service, are made applicable to all new steam 
locomotives put in service subsequently to January 1, and 
to all steam locomotives given general overhauling subse- 
quent to January 1, and all steam locomotives subject to 
the rules are required to be equipped in conformity with 
the rules not later than January 1, 1920. 


A New Electric Car Lighting Club in Boston 


At a meeting of Boston car lighting men, held in the 
north station in Boston on Friday, Sept. 29, a new associ- 
ation, known as the Boston Car Lighting Association, 
was organized and the following officers elected: John 
J. Lambert, president ; Harry Cappell, first vice-president ; 
Wilson Crawford, second vice-president; Arthur Bennet, 
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third vice-president; R. P. Whitcher, treasurer, and J. 
Callahan, secretary. The association expects to have a 
membership of at least 75, and will hold a regular meet- 
ing on the second and fourth Wednesdays of each 
month in a passenger coach in the North Central Sta- 
tion. The location of this car can be obtained by in- 
quiring at the Pullman ticket office in the station. 


Remote Control for Testing Laboratory 


In a laboratory in which a large number and variety 
of electrical instruments are tested, it is important 
that means be provided for the rapid and accurate con- 
trol of the electric generators which provide the cur- 
rent for testing. In Scientific Paper. No. 291, by P. G. 
Agnew, W. H. Stannard, and J. L. Fearing, published 
by the Bureau of Standards, an elaborate system of 
this kind which is in use at the Bureau, is described. 
The control rheostats are not handled by the observers 
directly, but are operated by small motors which are 
controlled from any one of several laboratory rooms 
by means of small, multiple lever switches. Copies of 
this report will be ready for distribution in a few days. 


The New York Car Lighting Association 


The last meeting of the New York Electric Car Light- 
ing Association, held on Tuesday, October 3, was marked 
by big doings. The members of the association gathered 
in room 1030 of the Grand Central station in New York, 
for the purpose of electing officers. After the ballots had 
been collected everyone adjourned to the banquet hall at 
a nearby restaurant where he found three large nicely 
decorated tables awaiting him. When everyone. was 
seated Mr. Wall, president of the association, called the 
meeting to order and called for the secretary’s and treas- 
urer’s reports. He then briefly outlined the program 
which has been arranged for the coming year, the special 
features of which provide for working exhibits and dem- 
onstrations of all types of car lighting systems. The 
nominating committee was then called on for its report 
and its chairman presented the following list of officers, 
which were all elected unanimously: Mr. Wall, presi- 
dent; Mr. Dunlap, first vice-president; Mr. Prettyman, 
second vice-president ; Mr. Scudder, secretary; Mr. Case, 
treasurer, and Messrs. Leitner, Rooney, Seaman and 
Stoker, members of the executive committee. This con- 
cluded the evening’s business so that from that time on 
the undivided attention of all the members was turned 
to the splendid banquet which had been prepared. 

To date the following definite arrangement has been 
made by the program committee: November 14, a dem- 
onstration of the Stone-Franklin car lighting system; 
December 5, a discussion of the Stone-Ffranklin system 
by the members at which time all questions will be an- 
swered; January 2, a demonstration of the Gould or the 
U. S. L. svstem: February 6, questions on the system 
that was described in January. 
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Personals 


Lester B. Knicut has been appointed eastern repre- 
sentative railway department, Willard Storage Battery 
Company at New York city. He was-employed by the 
New York Central at West Albany in 1906 and went 
with the Boston & Albany in 1907. In 1912 he leit 
the B. & A. and went with the Hall Signal Company, 
which was installing signals on same road. After com- 
pletion of signal work he went with the B. & A. as chief 
electrician of electric car lighting. 

EK. L. Myers was appointed western representative 
railway department, Willard Storage Battery Company, 
with headquarters in Chicago, and embracing all terri- 
tory west of the Ohio and Mississippi rivers, on April 1, 
1916. Mr. Myers was employed by the Western Union 
Telegraph Company and the Santa Fe from 1887 to 
1900, as division lineman and construction foreman on 
the Pacific Coast. During the year 1900 he was on con- 
struction work for electric light and telephone compa- 
nies in FE] Paso, Texas, and from 1901 to 1909, was gen- 
eral foreman of telegraph construction for the Mexican 
Central. From 1909 to 1913, he was chief electrician for 
the National Railways of Mexico and from December 1, 
1913, to present time has been with the Willard Storage 
Battery Company. 

Jos. A. ANDREUCETTI has been. appointed assistant 
electrical engineer of the Chicago & North Western with 
headquarters at Chicago, Ill. Mr. Andreucetti was born 
in the city of Chi- 
cago, on May 1, 1881, 
and after finishing his 
high school course in 
that city, took up the 
study of business and 
commercial law. He 
then entered the ope- 
rating department of 


the Illinois Central, 
where he remained 
from 1899 to 1903. 


Mr. Andreucetti then 
began the study of 
electrical engineering 
with the International 
Correspondence 
School of Scranton, 
Pa., taking a complete 
course in electrical and mechanical engineering. He also 
attended lectures at the Lewis Institute and night school 
classes in electricity in Chicago. Mr. Andreucetti entered 
the employ of the Chicago & North Western as electrical 
helper in the electrical engineering department under 
A. J. Farrelly and, step by step, was advanced to. the 
position of wireman and inspector, acting foreman of 
electrical construction, foreman of electrical construction, 
general foreman, and finally, assistant electrical engineer 
of the entire system. 

Mr. Andreucetti has always been keenly interested in 
the Association of Railway Electrical Engineers, and 
since October, 1910, he has each year been unanimously 
elected secretary-treasurer of this association. Mr. An- 
dreucetti deserves great credit for the manner in which 
he has handled his share of the association work during 
the time he has been secretary, no one having the success 


Jos. A. Andreucetti 
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of the association more at heart than he. -Mr..Andreu- 
cetti also belongs to the Masonic order, to the Jovian 
League, the Electric Club and to the Master Car Build- 
ers’ Association. 


Epwarp Wray, who has been identified with the Rail- 
way Elecirical Engineer since it was organized in 1909, 
in the various capacities of editor, owner and business 
manager, has accepted | 
the position of assist-. 
ant to R. C. Lanphier, 
general manager of 
the Sangamo Electric 
Company, with head- 
quarters at Spring- 
freld STL. Mr AW ray, 
was born in Janes- 
ville, Wis., in 1884 
and was graduated 
from the University 
of Wisconsin in 1905 
from the course in 
electric chemistry. 
After finishing the 
regular four-year 
course, he took an- 
other year of post 
graduate work and received the degree of electrical 
engineer in 1906. During the year of post graduate 
work at the University of Wisconsin, Mr. Wray 
had charge of a series of tests on railway car lighting 
equipment which was participated in by ten senior stu- 
dents of the university. On this work he traveled ap- 
proximately 25,000 miles and tested all of the various 
methods of electric car lighting in use at that time. The 
report of this investigation was published by the univer- 
sity as one of their official bulletins under the title of 
“Methods of Train Lighting.” After leaving school Mr. 
Wray went with the J. G. White & Co., of New York, 
where he spent the first six months on inspection and 
design of electric power plants. He was then sent to 
Porto Rico in connection with the Caguas Railway exten- 
sion, where he remained until April, 1908. During this 
time he held the position of rodman, levelman, transitman, 
topographer and assistant engineer. Upon returning to 
New York he entered the employ of D. C. & William D. 
Jackson, engineers of Boston, and was engaged in the 
work of appraising the New England Telephone Com- 
panies’ properties until November, 1908. Mr. Wray then 
returned home upon the death of his father and until 
May, 1909, was engaged as assistant manager of the 
Janesville (Wis.) Electric Company. 

About this time, he got in touch with L. B. McKenzie, 
who was then publisher of The Signal Engineer. Mr. 
McKenzie explained to Mr. Wray that the Association of 
Railway Electrical Engineers had requested him to start — 
a new magazine devoted exclusively to the interests of 
electricity on railroads and Mr. Wray was offered the ~ 
editorship on the new paper, which he immediately ac- — 
cepted. That was the beginning of the Railway Elec- 
trical Engineer. One year later when The Signal Engi- 
neer was purchased by the Simmons-Boardman Pub- 
lishing Company, Mr. Wray organized the Wray Pub- 
lishing Company and purchased the Railway Electrical 
Engineer from the McKenzie Publishing Company. The 
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Railway Electrical Engineer was again sold to the Sim- 
mons-Boardman Publishing Company in October, 1915, 
and was moved to New York. 


T. V. BucKWALTER was appointed chief engineer of 
the Timkin Roller Bearing Company, Canton, Ohio., on 
September 18. Mr. Buckwalter was graduated from 
| Woodward High 
School, Houtzdale, 
ae, oeitt, AlolUG seand. 
shortly afterwards en- 
tered an apprentice 
course with an elec- 
trical. Pengineer in 
Pinitadelphiay © He 
served two years as 
electrician with the 
(Pate tay iitce steel 
Company, Freehold, 
N. J., and in 1900 en- 
tered the employ of 
the Pennsylvania 
Railroad Company at 
Altoona machine shop 
as electrical machin- 
ist... From 1901 to 
1906, Mr. Buckwalter had charge of the electrification 
of large machine tools and the erection of special 
electrical machinery. In 1906 he was _ transferred 
to the electrical engineering drawing-room as a drafts- 
man and was later promoted to foreman in charge of de- 
velopment of electric industrial trucks, gas and electric 
tractors and research work on automobile problems as 
affecting the railroads. Mr. Buckwalter made a special 
study of selfpropelled vehicles for use on rails and of 
machinery for handling material in railroad enclosure. 
It will be remembered in this connection that Mr. Buck- 
walter supervised the design and the construction of the 
electric tractor used in Jersey City to handle freight cars 
on city streets. This tractor was completely described in 
the Railway Electriccal Engineer for November, 1913, 
and June, 1916. 


Mr. Buckwalter has always been a most active member 
of the Association of Railway Electrical Engineers, hav- 
ing served on many of its committees, and is also a mem- 
ber of the other following societies: American Society 
‘of Mechanical Engineers, Society of Automobile Engi- 
neers and Electric Vehicle Section of the National Elec- 
tric Lighting Association. 


T. V. Buckwalter 


I. R. WentwortH, formerly in charge of electric 
car lighting at Chicago Terminal, for the New York Cen- 
tral, has entered the services of the Willard Storage Bat- 
tery Company, as representative of railway department, 
Chicago branch. Mr. Wentworth received his train 
lighting experience with the Consolidated Railway Elec- 
‘tric Lighting & Equipment Company between 1913 and 
1916. From 1906 to December, 1907, he was with the 
Chicago & Alton, and the old Bliss Car Lighting Com- 
pany, and from December, 1907, to 1909, was electrical 
inspector for the Lake Shore & Michigan Central. From 
1909 to 1916 he was electrician foreman in charge of train 
lighting at Chicago for the New York Central and on 
September 16, 1916, he entered the services of the Will- 
ard Storage Battery Company. 
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Harry H. Grissen, superintendent of the Oakland, 
Cal., factory of the Standard Underground Cable Com- 
pany, died suddenly September 25, at his home in Oak- 
land, California, age 56 years, 8 months and 7 days. Mr. 
Gribben was a native of Pittsburgh, Pennsylvania, and 
lived there until 1899, when he moved to California to 
take charge of the factory which the Standard Company 
had then just completed. Previous to this he was gen- 
eral foreman in the company’s Pittsburgh factory. He 
had been in the employ of the Standard Company for 
over 30 years and was one of its most faithful, loyal and 
competent superintendents, and a man who by his per- 
sonal qualities endeared himself not only to his business 
associates but to every one with whom he came in 
contact. 


F. W. Reep, as briefly announced in the September issue 
of the Railway Electrical Engineer, has been appointed 
chief electrician of the Northern Pacific Railway Com- 
pany, with headquar- 
ters at St. Paul, Minn. 
Mr. Reed was born 
in Chicago in 1879, 
and after completing 
his public school edu- 
¢a.tion, started this 
elecinicaly t taj aaa e 
with a wiring contrac- 
tor in the sarhe city. 
In 1898 he went with 


the Pullman -Car 
Company as a car 
wireman. In the lat- 


ter) part of 1899) the 
Not thers Pacific 
Railway Company de- 
cided to wire some of 
5 its cars fer electric 
lights and as it desired some one familiar with 
that kind of work-to take charge of it, it asked 
the Pullman Company to recommend such a man. The 
Pullman Company recommended Mr. Reed, who finally 
went with the Northern Pacific on January 3, 1900, as 
foreman electrician at the Como passenger car repair 
shops in St. Paul, Minn., where he installed the first elec- 
tric train lighting equipments used on the Northern Pa- 
cific. While at the Como shops, Mr. Reed also had 
charge of the gas lighting equipments on the cars and 
from 1904 to 1908 inclusive, was in entire charge of the 
steam power plant in addition to the duties previously 
mentioned, having during that time the title of chief engi- 
neer, aim. 1008 hit heed lett the’ Northéri. Pacific to 
install and take charge of the steam and electric power 
equipment for a Montana mining company and later ac- 
cepted a position with the city of Glasgow, Mont., as 
superintendent of the electric light and power department. 
Mr. Reed returned to the Northern Pacific Railway Com- 
pany in 1911 as foreman electrician in charge of electrical 
construction work. In 1913, he was appointed general 
foreman electrician in charge of electrical construction 
work on the entire system and in this capacity also handled 
a large part of the electrical engineering work, assist- 
ing the mechanical engineer and the chief electrician. 
On July 1, 1916, he was appointed chief electrician 
in direct charge of all electrical construction work and 


F. W. Reed 
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electric train lighting and with general supervision over 
all electrical’ maintenance on the system. As chief elec- 
trician, Mr. Reed will also take care of the general elec- 
trical engineering work for the Northern Pacific, in this 
connection assisting W. J. Bohan, mechanical engineer. 
In addition to the above duties Mr. Reed will have gen- 
eral supervision of all steam electric power plants on the 
system, work which he is particularly well fitted for 
through his experience as chief engineer of the power 
plant at the Como shops, St. Paul, together with his work 
as chief engineer of steam power plants in Montana. 


J. H. Bryan has been appointed business representa- 
tive of the Railway Electrical Engineer succeeding 
Edward Wray, whose resignation is announced in an- 
other part of these 
columns. Mr. Bryan, 
who was born in 
Goldsboro, N. C., was 
graduated from 
North Carolina Agri- 
cultural and Mechan- 
ical ‘College “in -4903 
with the degree of 
Bachelor of Engi- 
neering in Mechanical 
Engineering, and in 
1913 the “received the 
degree of Mechanical 
Engineering from the 
same college. Hewas . 
in the employ of the 


General Electric J. H. Bryan 

Company, construc- 

tion department; “during the “six /imonthe, irom 
June, 1908, to December, 1908, and from December, 


1908, to November, 1910, he was in central station 
work as engineer and superintendent. .In November, 
1910, Mr. Bryan became connected with the Westing- 
house interests, spending one year in the manufacturing 
department of the Westinghouse Machine Company and 
five years in the Industrial Sales department of the 
Westinghouse Electric & Manufacturing Company, 
where he handled electrical equipment for steam railroad 
shops. During this time Mr. Bryan made a special study 
of electric arc welding and also of the application of 
direct motor drive and automatic control to railroad 
shop machine tools. Mr. Bryan left the Westinghouse 
Electric & Manufacturing Company to come with the 
Simmons-Boardman Publishing Company on October 1, 
where he will act as business representative for both the 
Railway Electrical Engineer and the Railway Main- 
tenance Engineer. 


Railway Structures 


The St. Louis & San Francisco contemplates the in- 
stallation of a 10-stall roundhouse, a 100-ft. turntable, 
mechanical department buildings and yard tracks, to cost 


about $200,000, in Oklahoma City, Okla. 


The New York, New Haven & Hartford will spend 
about $250,000 in improvements to freight and passenger 
terminals at New Haven, Conn. Definite plans are not 
yet made. 
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The Buffalo, Rochester & Pittsburgh has placed its 


-name,-in conspicuous lettering, on all overhead bridges 


where'state highways cross the railroad; this for the pur- 
pose of giving people in automobiles a convenient land- 
mark and to make the name of the road familiar. 


The Pennsylvania Railroad will start work shortly on 
a 14-stall roundhouse at Derry, Pa., costing about 
$75,000. The structure will be of brick and wood, and 
will have a wood block floor, wood rolling doors and 
built up roofing. The work will be carried out by W. F. 
Trimble & Sons Company, Pittsburgh, Pa. 


The Erie is carrying out improvements on County 
road, Secaucus, N. J., at a cost of $650,000. The work 
calls for the construction of a 36-stall roundhouse, to 
have 115-ft. stalls and a 100-ft. turntable, a machine shop, 
a power house, a storehouse and a complete engine ter- 
minal. The foundations of the buildings will be of con- 
crete. The superstructures of the roundhouse and ma- 
chine shop will be of frame construction and the power 
house of tile. The contract for the work has been given 
to the Robert Grace Contracting Company, Pittsburgh, 
fae 


Trade Pulolications 


Storage Batteries—One of the latest publications of 
the Electric Storage Battery Company, Philadelphia, 
bulletin No. 159, deals with the Ironclad-Exide battery 
for storage battery, mine and industrial locomotives. The 
booklet describes the batteries themselves and contains a 
score of views of storage battery locomotives. 


Welding and Cutting—The Searchlight Company, 
Chicago, is now distributing catalogue No. 12 on Search- 
light welding and cutting equipment. The booklet, to 
quote from its title page, is “A book of specific informa- 
tion on the welding and cutting of metals by the oxy- 
acetylene process, together with a catalogue of the equip- 
ment necessary for such work.” There are many illus- 
trations showing the Searchlight equipment and the work 
for which it is adapted. 


Lincoln Motors is the title of a booklet just issued by 
the Lincoln Electric Company, Cleveland, Ohio. Be- 
sides describing the various types of Lincoln motors with 
the aid of numerous illustrations, showing the details of © 
construction and assembly, it gives considerable infor- 
mation regarding special applications of these motors in 
various industrial plants and shops. The Lincoln are 
welder and the Lincoln storage battery charger are also 
described and illustrated. 


On the Firing Line With Battery Bill—The story of 
W. Alkaline Battery, otherwise known as Battery Bill, 
has now been published in booklet form by Battery Bill’s | 
employer, the Edison Storage Battery Company, Orange, 
N. J. Battery Bill is already well known to readers of © 
the advertising pages of the Railway Electrical Engr 
neer. He is the enterprising salesman of Edison storage 
batteries whose adventures, detailed in the form of letters 
to his boss, center around his successful attempt to sell 
Edison batteries to the X. Y. Z. Railroad and to help 
the officers of that road answer the query of President 
X: “Why aren’t we using Edison batteries ?” } 
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Mechanical Design of Electric 
Locomotives 


The features which determine the success or failure 
of an electric locomotive design are usually considered to 
lie in the electrical equipment. An exaggeration of this 
attitude led to some serious mechanical difficulties in 
early designs, but it is now recognized that it is no 
simple matter to devise a running gear for an electric 
locomotive to give the same satisfaction that has been 
obtained by nearly a century of development of steam- 
driven equipment. 

A paper by A. F. Batchelder, published in another part 
of this issue, on the mechanical design of electric locomo- 
tives, presents a unique analysis of the stresses produced 
on the track by a locomotive rounding a curve or sway- 
ing from side to side on tangent track, and gives a new 
insight into the difficulties encountered by the designer. 
The discussion on relative efficiencies of different types 
of driving gear and on the advantages of simplicity 
should furnish food for thought for some designers who 
apparently do not consider such features. In view of the 
numerous discussions in recent years concerning the 
importance of a high center of gravity, particular atten- 
tion is called to the author’s opinion that an electric 
locomotive can be designed for high speed with safety, 
regardless of the height of the center of gravity. 


Convention Activity 


As in past years the burden of the discussion at the 
Chicago convention this year was borne by a few of the 
older men with hardly any exceptions. The men who 
actively took part in the discussions this year were the 
same men who have done so at previous conventions : for 
the good of the younger members we hope this condition 
will not be repeated next year. E. W. Pratt, ex-president 
of the Master Mechanics’ Association, in his address be- 
fore the convention at Atlantic City last June very ably 
pointed out the value of having the younger members 
actively participate in the affairs of the association which, 
of course, includes the discussion of the committee re- 
ports. It is his suggestion that the officer in charge of 
the mechanical department should tell his men in plain 
words that he wants them not only to learn all they can 
by their attendance at the convention, but also to con- 
tribute of their experience for the benefit of others. He 
stated that when he first attended the convention, he was 
told by a wise counselor that he must take some part, no 
matter how small, in the discussion, and it was his idea 
that more would be accomplished for the good of the as- 
sociation if, at the close of the convention, it could be 
said that every member present had made a few remarks. 
on some subject than if it could be said that a few of the 
most prominent orators had discoursed ever so elo- 
quently. 

There is no better way to get the younger men of the 
association interested in its affairs than to give them 
some responsible work to do in connection with the work 
of the various committees. For this reason, the executive 
committee would do well to make a special effort to en- 
list the services of the younger men and require that they 
act on the various committees so that their work and 
their experience will be of benefit to all. The future of 
the association lies in its younger members and it would. 
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be a mistake to overlook them entirely until the older 
members, who have been carrying the major work of the 
association on their shoulders, have finally fallen out. It 
is of especial importance that the younger men and the 
new imetmbers quickly get into the habit of rising to their 
feet on the convention floor and actively enter into the 
discussion of the reports. 


Wleadlights amd Other Things 


The hearing before the Interstate Commerce Commis- 
sion, which has been conducted at Washington for over a 
week, concerning the recent order of the commission that 
all railroads must equip their locomotives with high 
power headlights, has unexpectedly brought to light the 
severe methods employed by the Brotherhood of Loco- 
motive Engineers in punishing its members who have 
dared to go against the recommendations of the brother- 
hood’s legislative_committee by testifying against the 
~ use of high power electric headlights on locomotives, or 
even to give verbal or written opinions on this matter to 
members of the commission or to railroad officers, 1f such 
opinions were at variance with those held by the higher 
officers of the brotherhood. 

The testimony bearing on this phase of the subject, 
which was finally admitted by the Interstate Commerce 
Commission, because as [Examiner Hines announced, the 
commission was interested in being advised with re- 
spect to deterrent influence brought to bear upon wit- 
nesses, showed that some engineers have been expelled 
from the brotherhood and have been ostracized by their 
fellow employees at the command of the chief executive 
of the brotherhood for expressing their views as stated 
above. 

On another page of this issue will be found an abstract 
of the Interstate Commerce Commission hearing at 
Washington, including a section from the constitution of 
the Brotherhood of Locomotive Engineers which refers 
to the penalty dealt out to members of the organization 
who interfere with national legislative matters and who 
refuse to sustain the official acts or instructions of the 
legislative board. It does not seem possible that such 
an important organization would dare to completely 
subordinate its members to the dictates of a handful of 
its officers in matters so vital to their welfare. While 
Congress was considering the passage of laws to avert a 
general railroad strike recently, it was understood that 
the officers of the brotherhood were resolutely against 
any method of compulsory arbitration on the grounds 
that such legislation would simply mean a condition of 
slavery for the members of the brotherhood. In the 
light of recent events and of the evidence submitted dur- 


ing the hearing on the headlight question at Washington, © 


this claim on the part of the brotherhood officers appears 
ridiculous, as by the provisions of its own constitution 
the brotherhood members are not very far.removed from 
a condition of slavery; the situation in the brotherhood 
can at least be called a reign of terror. Considering the 
facts that have been brought to light the reputed strength 
of the brotherhood does not seem so formidable, and the 
result of the disclosures in regard to the methods of 
coercion employed in this organization will undoubtedly 
open the eyes of a good many people, especially members 
of our Congress who were heretofore of the opinion 
that the recommendations made by the legislative board 
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of the brotherhood voiced the opinions of the majority 
of its members. For this reason it is not at all certain 
that the locomotive engineers themselves, who have 
always been looked to as its champions, actually desire 
the high power electric headlight on their locomotives. 
On western roads, which operate long stretches of single 
track, conditions are such that the use of high power 
headhehts is warranted, but the time seems to have 
arrived when it will be expedient for the officers of the 
brotherhood to realize that there are railroads in the 
United States which operate under conditions where the 


use of high power electric headlights would prove a- 


serious menace to the safety of high speed trains. 


Tine Character of Committee 
Reports 


It has been our pleasure from time to time to call at- 
tention to the excellence of some of the reports presented 
at the conventions of the Association of Railway Elec- 
trical Engineers. The reports this year that are particu- 
larly good are those presented by the committees on illu- 
mination, car lighting and shop practice. It is unfor- 
tunate, however, that all of the committee work is not of 
the same high character as those mentioned, probably 
due to the fact that in a great many cases the committee 
chairmen have not received the proper co-operation from 
their fellow committeemen. It is regrettable that it 
seems to be considered good practice to allow the chair- 
man to assume the burden of doing all the committee 
work himself, and of getting out the report, the other 
members of the committee simply assuming that they do 
their share when they allow their names to be signed to 
the report. It is evidently the duty of each committee 
member not only to take active part in the committee 
work but also to enter into a discussion of the report on 
the convention floor so that it will be distinctly under- 
stood that the report embodies the views of the majority 
of the committee. It is only when all the members enter 
wholeheartedly into the work assigned that original and 
commendable work can be done; the complete job of get- 
ting out a report which will do justice to the association 
is too much for any one man. With few exceptions the 
work which has been assigned to the various committees 
has been of great importance and when committee work 
is worth doing it is worth doing well; such work should 
include a great deal of original work on the part of each 
member. The practice of basing reports on replies from 
circular letters and even from practices pertaining to that 
which is standard on the roads of the individual members 
does not always represent the high class of work that the 
committee is capable of doing if original methods were 


~ employed and if original experiments were made. 


There is also too much of the practice of waiting until 
the last minute before the committee work 1s started; 
then as the time draws near for sending in the complete 
report the temptation is great to pull some specifications 
out of the file and with a few supplementary remarks 
send it along to the secretary. It is extremely important 
that all committee work be outlined as soon as possible 
after it has been assigned so that the work of the com- 
mittee can be intelligently distributed among its mem- 
bers in time for them to prepare their plans and do 
whatever original work is necessary. 


egenerative bral 


Really Is 


lett 
By A. J; Manson 


AST month we dealt with regenerative braking as 
i applied to electric locomotives operated with direct 
current, now we come to consider electric locomo- 
tives equipped for alternating current operation. The 
same conditions with regard to pressure apply equally 
well to the alternating current single-phase series loco- 
motives as to the other group. The single-phase system 
and the single-phase motor are, however, much better 
adapted to regeneration than the direct current series 
motor, due greatly to the fact that the motor itself is not 
as sensitive as the direct current series motor is. 

The system uses high voltage for the overhead wire, 
usually 11,000 volts. This is much too high for direct 
application to the motors so it is necessary to use a piece 
of electrical apparatus known as a ‘“‘transformer” to 
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Fig. 1. Diagrammatic Connection for Regeneration with Single- 


Phase Alternating Current 


~. 


step down from 11,000 volts to a voltage suitable for the 
motors. The transformer consists of a series of coils 
placed adjacent to each other and surrounded by an 
iron laminated core and, as the word implies, trans- 
~ forms the electric high voltage to the low voltage. By 
means of taps or leads brought out from the transformer 
coils, any low voltage desired can be obtained. 

‘Referring to Fig. 1, if 11,000 volts is applied at the 
lead A of the transformer which is represented’ by the 
loops as shown, a small amount of current, known as 
“exciting current,’ would flow through the coils and 
out of the lead B, which is connected to the ground Grd. 
If it were possible to measure the voltage beginning at 
lead A throughout all of the turns of the transformer, it 
would be found that there was a decrease in voltage as 
progress was made along the coils from A toward B un- 
til zero voltage was obtained at B. Thus it is possible to 
get any value of voltage desired by connecting to the 
coil at the proper point, a cable which can be brought 
out of the case. This cable is known as a tap. 
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For regeneration connections and circuits the motor- 
generator set can be used as in the direct current ar- 
rangement if desired, but another satisfactory arrange- 
ment and one especially suitable for alternating current 
single-phase operation is one where one motor of the 
four on the locomotive is used as a generator for fur- 
nishing current to excite the fields of the other three; 
the three motors sending power back to the line. Re- 
ferring again to Fig. 1, motor No. 1 is used as the gen- 
erator and furnishes current through the fields f2, F3 
and F4; motor armatures 2, 3 and 4 generating current 
which is passed back into the transformer through the 
féau-C: 

As the locomotive speed decreases the voltage from 
the motors can always be kept as a sufficient value to 
regenerate, by putting more current through the fields 
of these motors. This is accomplished by increasing 
the strength of the field of the motor used as a gen- 
erator Fr, thus causing No. 1 motor to generate more 
current for the other three fields. This is easily accom- 
plished by connecting the lead D to a suitable higher 
voltage tap in the transformer. Even after the maximum 
excitation is reached, due to the fact that lead D has been 
connected to the highest tap, the lower voltage which is 
generated by the motors can still be used, as lead C can 
be moved to a lower tap, thereby increasing the ratio 
AB 


so that this lower voltage still gives the necessary 
cat) 

increase of pressure over 11,000 volts to force current 
back into the line wire. 


Three-phase Motors 


We have seen that it is possible to regenerate with 
both the direct current and single-phase systems, pro- 
viding that certain changes in the motor connections are 
made to give them the necessary shunt characteristics 
and further provided that a motor-generator set or one 
of the driving motors is used for exciting the shunt 
fields. Regeneration with these two systems works satis- 
factorily, but as far as simplicity and reliability are con- 
cerned, the locomotives driven by the three-phase or 
polyphase motors. are superior. The polyphase motor 
is a constant speed type and its speed does not depend 
upon the voltage of the circuit, but upon the frequency 
of the power supply, so that for a given frequency there 
is a certain motor speed known as the synchronous speed. 
Frequency is usually expressed in terms of “cycles”; for 
instance, 25 cycles or 60 cycles. Alternating current 
does not give a constant pressure like direct current, 
but changes in value. Starting at zero, it progresses to 
a maximum, then decreases to zero, reverses, goes down 
to an equivalent negative maximum and returns again to 
zero; all this takes place in the fraction of a second. 

The induction motor consists of a stationary winding, 
which is continuous or. the insid= of the frame, and a 
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rotating armature. This armature has no connections 
whatsoever with the stationary winding or with the 
power supply circuit. That is, the power connected to 
the motor is connected only to the stationary winding 
on the frame. With the three-phase induction motor 
used on most of the three-phase electric locomotives and 
which are used on the Norfolk & Western locomotives, 
the power, when connected to the winding around the 
frame of the motor, produces a magnetic field which 
rotates in this winding at a speed depending upon the 
frequency of the supply circuit (usuaily 25 cycles for 
electric traction) and upon the number of poles of the 
motor. The revolving field passing by the winding on 
the armature, known as the “rotor,’ induces a current 
in it which tends to stop the rotation of the field or poles. 
As the rotating field cannot stop, the rotor is dragged 
along at practically the same speed, there being a slight 
slip depending upon the load or the work which the 
motors are doing. When the rotor is running in exact 
step with the rotation in the stationary winding of the 
motor, known as the “stator,” it is running at what is 
known as “synchronous speed.” 


Regeneration with Three-Phase Motor 


When regeneration takes place the rotor runs at a 
speed slightly above the synchronous speed of the stator 
field. For this reason and because the electrical supply 
is still connected to the primary winding of the stator, 
the rotor conductors overtake and therefore cut the lines 
of force of the revolving stator field and current is gen- 
erated in the rotor windings in the opposite direction. 
The rotor flux created by the reverse current flowing in 
the rotor affects the flux in the primary or stator wind- 
ings and generates in them a flux to oppose rotation. 
The reversal of the flux in the primary causes a reversal 
of the primary current, and hence power is delivered to 
the line. At the same time the rotor flux tends to bring 
the rotor speed back to that of the magnetic field, and, 
therefore, offers resistance and supplies the necessary 
energy or breaking effect to hold the motors on the 
grade. To simplify this explanation, a simple illustra- 
tion of the primary and secondary circuits of a trans- 
former is shown in Fig. 2. The secondary (rotor) is 
connected to a motor and the primary (stator) to the 
line supply. As a load is put on the motor end, current 
passes through the secondary winding and a flux is set 
up which opposes the flux generated in the iron core by 
the primary current and additional high tension current 
is necessary to flow through the primary windings to 
overcome the secondary flux. If the motor is made a 
generator and speeded up so as to give a higher voltage, 
the current will be reversed in the secondary winding, 
the secondary flux will be reversed and a primary flux 
will be set up to oppose this secondary flux. In order 
to set up this opposing flux in the primary, a reversal of 
current is necessary and hence power is put back into 
the line supply. It is thus not a question of generating 
a voltage to overcome the line wire voltage, as in the 
case of the direct current and single-phase series sys- 
tems, but it is purely a question of speed of rotation and 
a condition which takes place automatically without any 
change in the motor circuit. 
there is no appreciable variation in the speed with re- 
generation, when using three-phase motors. 

The use of a phase-converter in the locomotive to 
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enable the three-phase motor to operate from a single 
overhead trolley or a single-phase supply, does not in 
any way change the automatic feature of the regenera- 
tive braking. This latter arrangement is that used on 
the Norfolk & Western locomotives, and the description 
of the handling of these motors in the first part of this 
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Fig. 2. Two Transformer Diagrams Showing the Relations Be- 
tween Current and Core Flux When the Secondary Is Connected 
to a Motor and When It Is Connected to a Generator. By Thus 
Comparing the 3-Phase Motor to a Transformer, It Is Easier to 
Understand How the 3-Phase Motor Helps the Current Back Into 
the Line When It Is Driven Above Synchronous Speed. 


article, printed in the September, 1916, issue, points out 


how simple and automatic the three-phase motor works. 


Advantages Claimed for Regeneration 


The question naturally follows, what are the ad- 
vantages to be gained by the use of regeneration? They 
are many, and can be classified as follows: 1. Brake- 
shoes and wheels. 2. Speed down grade. 3. Air-brakes, 
brake rigging, draft gear. 4. Power house. 5. Safety. 

With regard to brake-shoes and wheels, the energy 
stored up in a heavy freight train descending a grade 
is large, and with only the air-brake available as a 
means of “letting the load down the mountain,” this 
energy must be dissipated as heat at the brake-shoes, 
which results in rapid wear of the shoes, and often the 
overheating and heavy wear of the wheels, with risk of 
loose and broken tires and rims. Regenerative braking 
is in use on electric locomotives of the Italian State 
Railway, and the average life of the brake-shoe has been 
increased from 4,500 miles to over 14,000 miles, and a 
corresponding increase in the life of the wheels. 

The speed of a heavy train down the grade is often 
limited by the permissible heating of the brake-shoes, 
so that, with regeneration, the speed can be the safe 
speed for the track, curves and construction of rolling 
stock if it is so desired. The taking of a heavy train 
down the grade not only imposes severe duties on the 
shoes and wheels, but also on the air-brakes and draft 
gear as well. The saving in maintenance of rolling 
stock due to regeneration is considerable. . 

When we come to the power house, we find the saving 
in horsepower output by regeneration depends upon the 
operating conditions and the grade encountered. With, 
say, all grades on the road of approximately 2 per cent 
it might be possible to save 50 per cent in power con- 
sumption, while with the average mountain conditions 
the saving would probably not exceed 25 per cent. Even 
with no saving shown in the power house output, the 
simplicity and reliability of operation are not sacrificed 
by regeneration, and the advantages mentioned above, 
even disregarding the interest of safety, make it worth 
while. 


Mechanical Design Klectric 


Locomotives’ 
By A. F. Batchelder 


HE purpose of this paper is to bring to the attention 
of the Society some of the important features in the 
mechanical design of electric locomotives, with a 

view of having a more common understanding of the 
requirements and the method of meeting them. These 
features may be listed in the order of their importance 
as follows: 


1—Safety of operation 

2—Adaptability to service conditions 

3—Reliability in service 

4—Conyenience of arrangement as affecting safety and efficiency of 

operation 

5—Power efficiency (affected by mechanical design) : 

6—Service time factor (ratio, time available for service to total t:me) 
7—Cost maintenance of permanent way 

8—Cost maintenance of locomotives 

First cost. 
Safety of Operation 

The steam locomotive has been developed by degrees 
to such a state of perfection that it is common to see it 
operate at near 80 m. p. h. and with perfect safety; but 
no one would think of operating at this speed backwards. 
With the coming of the electric locomotive, the railroad 
operator is not content with single end operation, but 
must have a locomotive that will operate equally well 
in either direction. This does not impose any serious 
difficulties in the design of locomotives which operate at 
speeds under 50 m. p. h., but with locomotives for the 
higher speeds it presents new problems or at least it re- 
quires the most careful consideration of the running gear 
details, to obtain the most satisfactory results as to track- 
ing and the effect on the rails and road bed. 

The steam locomotive has what now seem to be natu- 
tal characteristics to allow high speed operation in one 
direction. These characteristics are: Low center of 
gravity at the front end carried on the center pin of a 
two axle guiding truck, tending to prevent rolling over 
and having but little effect on the guiding; and high cen- 
ter of gravity on the rear end with inside journal bearings 
allowing the locomotive to roll and increasing the time 
element, which thus reduces and distributes the lateral 
pressure against the rail over a longer distance. This 
increases the vertical pressure on the rail, thus holding 
it more firmly in place. These same characteristics can 
be obtained in electric locomotives by the sacrifice of 
double end operation. 

The advantages gained in operating the electric loco- 
motive in either direction are so important that means 
should be provided for satisfactory double end operation. 
One way of doing this is by using a four wheel guiding 

truck at each end of the locomotive. With the use of 
the extra truck, however, the importance of a high cen- 
ter of gravity largely disappears. The lateral pressure 
against the rail at the rear end now appears at the truck 
flanges rather than at the flanges of the driving wheels 
and the high center of gravity no longer provides the 
same increased vertical pressure on the outer rail at the 
point of the maximum lateral pressure. The lateral 


*A paper which will be presented and discussed at the Railroad Section 
of the annual meeting of the American Society of Mechanical Engineers, 
held December 8, 1916, in New York. 
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stresses from guiding the main frame being taken at the 
center pin of the two guiding trucks, the additional verti- 
cal pressure on the outer rail is dependent upon the height 
of these center pins rather than upon the height of the 
center of gravity of the main frame above the wheel hubs, 
thus leaving less advantage to be derived from a high 
center of gravity. 

To demonstrate more clearly, it is well to see what hap- 
pens to a locomotive when entering a curve, which is 
also illustrative of its action on tangent track when oscil- 
lating from one side to the other. A locomotive having 
a high center of gravity and with two driving axles 
guided by a two-axle swivel truck will serve to illustrate 
the action. As the locomotive enters the curve, its ten- 
dency is to continue on in a straight line but the flange 
of the leading wheei gradually comes in contact with the 
outer rail, giving the guiding truck an angular motion 
about its outer rear wheel and exerting a lateral pressure 
against the center pin,-thus giving the main frame an 
angular motion around its outer rear wheel. 

The lateral pressure tending to displace the rail at 
the leading wheel is the amount required to slip the two 
inner wheels, and to accelerate the truck around its outer 
rear wheel, plus one-half the amount required to slip the 
two leading drivers and the rear inner driver, and to 
accelerate the main frame around its rear driving wheel, 
plus its relative portion of the centrifugal force of the 
whole locomotive. The lateral pressure tending to dis- 
place the outer rail at the rear wheel of the leading truck 
is the amount of reaction from slipping the two inner 
wheels and the angular acceleration of the truck plus one- 
half of the amount required to slip the two leading 
drivers and the rear inner driver and to accelerate the 
main frame around its rear outer driving wheel, plus its 
relative portion of the centrifugal force of the whole loco- 
motive. 

The lateral pressure tending to displace the outer rail 
at the rear wheel of the main frame is the amount of reac- 
tion from slipping the two leading drivers, the inner rear 
driver and the angular acceleration of the main frame 
plus its relative portion of the centrifugal force of the 
whole locomotive. The greater weight being concen- 
trated at the drivers, and the distance of the truck cen- 
ter pin from the main truck wheels being greater, and 
the fact that there is but one wheel to take the strain, 
it follows that the point of the greatest concentrated 
lateral pressure is at the rear outer driving wheel. 

The above disregards the important factor of time, in 
the accelerating and centrifugal forces due to the rolling, 
governed by the height of the center of gravity above the 
wheel hubs, which tends to reduce the lateral pressure 
at the rear outer driving wheel. With a high center of 
gravity above the wheel tread the accelerating and cen- 
trifugal forces also tend to tip the locomotive up on the 
outer driving wheels, relieving the weight from the inner 
wheels and thus lessening the force required to slip 
them, at the same time increasing the adhesion between 
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the outer rail and tie by the additional weight. On good 
road bed and rails the locomotive described is capable of 
being run at above 80 m. p. h. without any apparent 
bad effect on the track. 

If this locomotive is operated in the opposite direc- 
tion, the lateral stresses at these wheels are of the re- 
verse order, the guiding force now being applied at the 
driving wheel flanges and the reaction taken through the 
center pin to the truck wheel flanges. The swivel truck, 
now trailing, is free to oscillate from one side to the 
other, and the reaction from the force of turning the 
main frame may be applied at the center pin when the 
truck wheel flanges are tight against the inner rail. The 
force is thus allowed to accelerate the truck as well as the 
main frame through the gage clearance to the outer rail, 
thus adding momentum, the value of which depends 
upon the lateral distance through which the truck 1s 
moved. As the vertical pressure on the rail is limited 
to the normal weight at the wheels plus the vertical com- 
ponent of the force applied only at the height of the cen- 
ter pin of the truck, the relative lateral to the vertical 
pressure at the wheels of the truck may be greatly in- 
creased. A number of observations have appeared to 
confirm the fact that the action of the trailing truck above 
described is one of the most important in producing 
excessive lateral pressures against the rail in a symmet- 
rically built electric locomotive with similar trucks at 
both ends. It will be seen therefore that while the swivel 
truck is desirable as a guiding agent at the front end, 
it is not as desirable at the rear end, and means must be 
provided to prevent oscillation of the truck and to accom- 
plish the same results as the high center of gravity in a 
single end locomotive. 

To accomplish these results, it is necessary to reduce 
the momentum effect and to reproduce the equivalent of 
the time element factor and of the increase of vertical 
pressure on the outer rail that is characteristic of the 
high center of gravity single end locomotive. 

The momentum effect can be reduced by introducing 
resistance against swivelling, thus restricting the truck 
from oscillating from one side of the track to the other, 
the amount of this resistance to be determined by the 
allowable amount that can safely be applied to the truck 
when leading. To reproduce the time element factor, 
lateral movement can be given to the truck center pin 
by any of the several methods for giving lateral move- 
ment to the leading truck center pins on locomotives. 
However, the writer has obtained the best results with 
the method that is the nearest to constant pressure and 
dead beat, as it also tends to prevent oscillating. To in- 
crease the vertical pressure on the outer rail the center 
bearing of the truck can be made wide, thus allowing 
the vertical component of the lateral pressure at the cen- 
ter of gravity to be transferred through the bearing to 
the wheel, or with the narrow center bearing the height 
may be made such that the lateral pressure at that point 
will result in an increased vertical component independ- 
ent of the height of the center of gravity. 


Adaptability to Service Conditions 
The electric locomotive, besides being required to oper- 
ate in either direction, is often also required to be adapted 
for operating high speed passenger trains and heavy low 
speed freight trains over main line tracks, to negotiate 
sharp curves, and to be easy on light track and bridge 
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structures. With locomotives having geared motors, the 
requirement of operating the passenger and freight trains — 
can often be met by changing the gearing to obtain the 
proper speed and draw bar pull. The running gear can 
be made with trucks of short wheel base and coupled 
together, the number of trucks depending upon the re- 
quired weight of the locomotive for its maximum draw 
bar pull, and also on the allowable weight per axle. With 
such a design curves of very short radius can be opera- 
ted over and the weight per axle can be such as to allow 
operation over light structures. | 

It is the writer’s opinion that the double end locomo- 
tive, while its characteristics are different, can be de- 
signed for high speed with safety equal to the single end 
locomotive, and this regardless of the height of the cen- 
ter of gravity: 


Reliability in Service 


When the design is such that it is safe to operate at 
the required speeds and is proper for the curves and other 
service requirements, and a liberal factor of safety is 
provided for the parts subjected to strain, the reliability 
in service affected by the mechanical part of the locomo- 
tive depends mainly upon the bearings, their lubrication, 
and the method of power transmission from the motors 
to the drivers. It is necessary therefore to provide effect- 
ive lubrication, in connection with a simple driving 
mechanism having as few bearings as the design of the 
motors will allow. 

After providing all the safety appliances recommended 
by the Interstate Commerce Commission, it is important 
to arrange for the most convenient location of the opera- 
tor to allow him an unobstructed view of the track and 
signals, to place within easy reach the air brake valve 
and locomotive signal device handles, as well as the re- 
verser and power controller handles, keeping in mind 
the importance of making them so free from complica- 
tion that the operator will require the least amount of 
thought to manipulate any of the devices and be free to 
respond to signals and look out for emergencies. 

The arrangement for housing the electrical apparatus 
and its position in the cab must be governed largely by 
its design, but it is important to arrange it so that its 
operating parts are accessible and easy to inspect, and at 
the same time are protected against persons coming in 
contact with any live parts. 


Power Efficiency 


The power efficiency as affected by the mechanical de- 
sign is governed largely by the type of the traction mo- 
tors. It 1s apparent that the gearless motor mounted 
directly on the axle allows the design of the maximum 
efficiency on account of its few bearings and its absence 
of gearing and moving parts. The gearless motor which 
is mounted on a quill and driving through springs to 
the wheels may be considered second in its possibilities 
for high efficiency design, it having additional bearing: 
and a greater number of moving parts. The single re- 
duction geared motor with its additional bearings and 
gear losses can be given third place in its possibilities 
for high efficiency design. The single reduction geared 
motor driving through gears and side rods to the wheels 
may be placed fourth. The gearless motor driving 
through side rods and jack shaft to the wheels should 
be placed fifth. 
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Service Time Factor 


The service time factor is dependent upon the ability 
of the locomotive to operate under all its service condi- 
tions and without undue strains, which requires a liberal 
design of its wearing parts. In addition to this it depends 
on the simplicity of its design and the ease with which 
its parts can be inspected, adjusted, repaired or replaced. 


Cost of Maintenance of Permanent Way 


The cost of maintenance of the permanent way is a 
very important item and can be increased or reduced by 
the design of the locomotive. The lowest cost is obtained 
when the locomotive meets its service requirements with- 
out undue strains, when the rotating parts are balanced, 
the weights per axle are suitable for the structures, a 
suitable equalizing system is provided to maintain the 
proper weight distribution, and when provision is made 
to protect against flange wear. 


Cost of Maintenance of Locomotives 


The cost of maintenance of the locomotive is depend- 
ent upon its safety of operation, its adaptability to servy- 
ice conditions, its reliability, its convenience of arrange- 
ment, and the same items that enter into its service time 
factor. It is also governed by the same conditions that 
affect the maintenance of the permanent way. The care 


BLECTRICAL 


ENGINEER Soy 


with which the material is selected, the quality of work- 
manship, the ease with which the parts can be inspected, 
adjusted, repaired or replaced, and the simplicity of the 
design are the most important features that govern the 
maintenance cost. 


First Cost 


The first cost of a locomotive will depend largely upon 
the design chosen, but its importance, except at the time 
of purchase, becomes of little moment when taking into 
consideration the eight foregoing features. With two 
locomotives designed for the same service the cost of the 
difference in the efficiency and in the locomotive mainte- 
nance alone for one year may when capitalized amount 
to a sum representing a considerable proportion of the 
first cost of one of the locomotives. 

The writer feels that too much importance cannot be 
given to developing to the utmost the mechanical parts 
of the electric locomotive, that are the simplest in design 
and the highest in efficiency. From the present outlook, 
the locomotive for high speed passenger service with the 
gearless motor, its armature being mounted directly on 
the axle, and the locomotive for freight and switching 
service with the single reduction geared motor, mounted 
on and geared to the axle, lend themselves best to simple 
design and low cost of maintenance. 


Imterstate Commerce Commission ’s 
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Hlearing on 


HEARING was held at Washington on October 30 
vAN and 31, before the members oi the Interstate 
Commerce Commission to enable the railroads to 
present additional testimony in connection with the com- 
mission’s orders requiring locomotives to be equipped 
with headlights with sufficient intensity to enable a per- 
son with normal vision, in the cab of a locomotive, to see 
a dark object the size of a man at a distance of 1,000 
ft.. under normal weather conditions. The hearing, 
which was called to consider testimony regarding a 
series of tests made on the New York Central just 
outside of New York on September 28, at once devel- 
oped into a contest between the representatives of the 
railroads and the officers of the engineers’ and fire- 
men’s brotherhoods who challenged the fairness of 
the test, which they had refused to have anything to 
do with. After a day and a half of testimony regard- 
ing the test, the commission ruled, after a request of 
the railroad attorneys, that each side be allowed to 
present twenty witnesses before an examiner and that 
the evidence need not be confined to the New York 
test. This gave the railroads the opportunity to 
put on the witness stand a number of locomotive engt- 
neers who testified that the dazzling glare of the elec- 
tric lights obscured signals and was dangerous. The 
brotherhood also expected to call as witnesses engi- 
neers to testify in favor of the electric light. . 
At the opening of the hearing B. H. Meyer, chair- 
man of the commission, said that if practicable they 
wished to confine the witnesses to one representing 
the carriers, another representing the employees and 
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one called by the commission. A. G. Trumbull, assis- 
tant to the mechanical superintendent of the Erie, testi- 
fied regarding the test for the road; A. G. Pack, assis- 
tant chief boiler inspector, was called as a witness by 
W. S. Carter, president of the Brotherhood of Loco- 
motive Firemen and Engineers, and G. E. Murray, 
headlight electrician for the Chicago & North West- 
ern, was called as a witness for the commission. 


New York Central Test. 


Mr. Trumbull gave a detailed description of the test, 
in which steam and electric locomotives were used, 
equipped with 250-watt, nitrogen-filled electric head- 
lights, furnished by the Pyle-National Company, with 
9 by 18-in. reflectors. The headlights were adjusted 
by a representative of the headlight company. He 
said that when the locomotive on which he was riding 
was moving north and rounding a curve, facing three 
locomotives standing headed south, equipped with 
electric headlights, the effect was to seriously inter- 
fere with his visicn; that it was impossible to tell 
whether any hand signals were being given, and that 
automatic block signal indications between him and 
the opposing locomotive were greatly confused. The 
green light was completely obliterated until within 
500 ft., the red light was rendered much less distinct, 
the yellow light appeared white and he was not able’ 
to distinguish the signal correctly until within less 
than safe stopping distance. He also saw confusing 
reflections from other signal lenses, was unable to 
distinguish a flagman at normal distance, and the light 
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from a flagman’s lantern was obscured; on one test he 
missed the flagman entirely. The red marker on a 
train ahead was also rendered much less distinct. A 
red marker was mistaken for yellow by several me- 
chanical officers and as the locomotive approached the 
signal bridge the lights were obscured and he was un- 
able to see any of them for a time. White classifica- 
tion lamps on the locomotive ahead were practically 
invisible for distances exceeding 200 or 300 ft. In the 
test to see at what distance objects on the track could 
be seen, a man dressed in dark blue overalls walked 
down the track toward the locomotive and the observ- 
ers in the locomotive indicated when they saw the 
“object” by blowing a whistle, whereupon the locomo- 
tive was stopped and the distance was measured. John 
McManamy, assistant chief inspector of locomotive 
boilers, thought he saw the object at a distance of 
2,389 ft., but after the distance had been measured he 
asked for a re-test and saw the man at a distance of 
994 ft. A. G. Pack, assistant chief inspector, blew the 
whistle at a distance of 772 ft., and various railroad 
mechanical officers blew the whistle at distances rang- 
ing from 552 to 764 ft. The eyes of the railroad off- 
cers were tested afterwards and they were found to 
have normal vision according to the standard pre- 
scribed for locomotive engineers. 

Mr. Trumbull said the tests had confirmed his opin- 
ion that for congested suburban territory with multiple 
tracks and a large number of signals the high power 
headlight was positively dangerous. 

Mr. Carter said that as no representatives of the 
brotherhood were present at the test he would ask 
Frank McManamy, chief inspector of locomotive boil- 
ets, to cross-examine the witness. Mr. McManamy 
tried to show that dimmers should have been used; 
that the tests were not conducted under representative 
conditions, and that the Erie has some signals which 
cannot be seen in time to stop within 500 ft. He also 
asked if fusees were not used as additional safeguards 
to enable engineers to see flagmen, and showed that 
the witness had had comparatively little recent expe- 
rience in riding locomotives at night. 

Mr. Pack testified that he had run an engine with an 
electric headlight for eleven years on the Colorado 
Springs and Cripple Creek district before becoming 
connected with the commission, and had never expe- 
rienced any difficulty due to the headlight. Although 
he admitted that his road was mostly single track with 
no block signals, he said he ran into a station facing 
an electric headlight on the locomotive of another road 
and could see the order board back of the light as 
plainly as if it had been an oil headlight. Mr. Pack 
said that he had never experienced any difficulty with 
flags or signals, using electric headlights, that he never 
saw any “Phantom” signals or confusing indications 
caused by high power lights nor any other conditions 
that would interfere with safe operation. He regarded 
the high power headlight as one of the greatest safety 
devices used on a locomotive. Cross-examined by Mr. 
Spaulding of the New York Central, concerning the 
results of the test, he replied that he was having trouble 
with his eyes that night and that the headlight used 
did not seem to be giving results up to standard. 

Mr. Murray testified in favor of the electric head- 
lights, saying that they had given satisfactory results 
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on the North Western, but that during the test in New 
York he thought that the lights were not up to stand- 
ard. Mr. Murray said that the requirement of the 
commission would relieve his company from observing 
state laws with even more rigid requirements and in 
reply to questions by Commissioner Clark he said 
that he had never known of an accident on his road 
caused by the headlight of the nitrogen bulb type. 
Asked whether he thought the proposed rule of the 
commission was a feasible one for all roads, he said 
that it would be necessary for each road to study its 
own conditions and to adopt the type of light most 
suited to its requirements. 

Mr. Spaulding then asked permission to introduce 
additional witnesses. The brotherhood representatives 
objected to this. The commission took a short recess 
and announced that each side might put on 20 witnesses. 

On Tuesday afternoon the hearing was resumed be- 
fore examiners’ attorney, E. W..-Himes ae eee 
Ginnis, special representative of the Pyle-National 
Company, who had adjusted the light before the New 
York test, was called as a witness for the railroad. He 
said that he had left nothing undone to get the best 
result possible and that the lamp used had been sold 
from the regular stock, but that they had not given 
entirely satisfactory results. He said that there was 
a wide variation in reflectors and lamps and that if 
it had been possible to try out several lamps and re- 
flectors it would have been possible to match up a 
lamp and a reflector that would give much better re- 
sults. He had never had any complaints, but had 
occasionally found that he could not get the required 
distance with the light. He said that there are about 
40,000 Pyle-National headlights in service. 


Additional Testimony. 


Several locomotive engineers gave testimony re- 
garding the effect of the high power light in obscuring 
signals. J. Doherty, road foreman of engines of the 
Michigan Central, said that he had never run an engine 
equipped with an electric headlight, but that they had 
given difficulty when approaching him on parallel 
roads in Chicago suburban territory and at Michigan 
City. He said that the views of most of the engineers 
he had talked to confirmed his objections to the electric 
headlight. O. P. Keller, an engineer on the Manhat- 
tan and Broadway limited trains of the Pennsylvania, 
also testified against the electric headlight, saying that 
he would rather have no headlight than the electric 
blinding light in the eyes which prevents seeing signals — 
or gives false indications. 

Altogether nearly a score of engineers running fast 
passenger trains on roads entering New York City 
testified that, in their opinion, electric headlights would 
be a positive menace to safety of operation in their 
territory because they obscured signals and temporar- 
ily blinded engineers who had to face such headlights 
approaching from the opposite direction. Some of 
them had had experience with electric headlights on 
their own engines, others had faced them on electric 
trolley lines paralleling their own lines, and all of them 
had been present at tests with electric headlights made 
on the New York Central recently. In addition, 45 
locomotive engineers and 13 road foremen of engines 
and locomotive inspectors presented to the commission, 
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through counsel for the railroads, a petition that they 
be allowed to testify, but the commission declined to 
change the ruling it had previously made limiting the 
number of witnesses to 20 for the railroads and 20 
for the brotherhoods. 


Coercion of Witnesses. 


Sensational testimony regarding the methods of the 
Brotherhood of Locomotive Engineers in dealing with 
its members who disagree with the legislative plans of 
its officers was presented at the hearing on Thursday, 
November 2, and following days. 

W. H. Rother, an engineer employed on the Cleve- 
land, Cincinnati, Chicago & St. Louis, testified that 
he had been tried and acquitted by his local division of 
the brotherhood, No. 492, at Indianapolis, on charges 
preferred by Grand Chief Engineer Warren S. Stone 
of violation of the “laws” of the brotherhood in testi- 
fying before the Interstate Commerce Commission that 
he regarded electric headlights as dangerous. After 
his acquittal, Grand Chief Stone had recalled the char- 
ter of Division 492 and organized a new division in its 
stead, excluding Rother, together with those who had 
voted for his acquittal, and those who had refused to 
obey an order to refrain from associating with Rother. 

J. T. Heller, another Big Four engineer, testified 
that he had been expelled from Division 143 of the 
brotherhood on charges preferred by Stone because of 
his testimony before the Interstate Commerce Com- 
mission. 

A. E. Martin, also a Big Four engineer, said that he 
had been excluded from Division 546 and ostracized 
by his fellow members for acting as Rother’s attorney 
at his trial, and that the only evidence presented 
against Rother was a copy of his testimony before the 
Interstate Commerce Commission. 

D. P. Keller, an engineer employed on the Pennsyl- 
vania Railroad, testified that he had been tried and 
acquitted by his local division, No. 74, on charges pre- 
ferred by order of Grand Chief Stone because he had 
expressed an opinion unfavorable to electric headlights 
in the presence of a member of the Pennsylvania 
legislature, and that he had afterward been expelled 
on charges preferred by Stone because he had joined 
the Pennsylvania Mutual Beneficial Association. He 
also testified that he had sent to the Interstate Com- 
merce Commission a copy of a circular addressed by 
Mr. Stone to members of the brotherhood, threaten- 
ing them with expulsion if they interfered with the 
plans of the brotherhood in connection with headlight 
legislation. 

D. P. Trostle, an engineer on the Philadelphia & 
Reading, testified that H. E. Wills, legislative repre- 
sentative of the Brotherhood of Locomotive Engineers, 
and A. G. Pack, assistant chief inspector of locomotive 
boilers of the Interstate Commerce Commission, had 
warned him while in the hearing room of the Inter- 
state Commerce Commission on October 30 that he 
would be violating the laws of the brotherhood ifeiie 
testified unfavorably to high-power headlights. 

These engineers were allowed by the Interstate 
Commerce Commission to present their testimony only 
after a vigorous objection by Mr. Stone and W. S. 
Carter, president of the Brotherhood of Locomotive 
Firemen and Enginemen, and after the hearing had 
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been interrupted for a day while the commission de- 
liberated over a statement filed by counsel for the 
railroads, outlining the character of the evidence they 
proposed to introduce. After the testimony had been 
allowed, Mr. Stone admitted the principal facts alleged 
and identified copies of letters which he had written 
bearing on the cases. 


The Brotherhood ‘“‘Law.” 


The sections of the “Constitution and Statutes” of 
the Brotherhood of Locomotive Engineers under 
which members have been expelled for giving testi- 
mony before the Interstate Commerce Commission 
are given herewith: 


“Members Interfering with Board—Penalty.”’ 

“Sec. 11. Any member or Division refusing to sustain the official acts 
or instructions of the Legislative Board, or who circulates or signs any 
petition, or who, by verbal or written communicat‘on to railroad officials 
or others, calculated to injure or interfere with legislative matters offered 
by the Legislative Board or at any time makes suggestions to railroad officials 
or to state legislators that may be detrimental to the interests of the B. of 
L. E., or any train service organization, shall be expelled, when proven 
guilty, as per Sec. 49 of the Statutes.” 


“Interfering with National Legislative Matters.” 


“Sec. 12. Any member or Division who, by verbal or written communica- 
tion to anyone calculated to injure or interfere with national legislative 
matters, offered by our Legislative Representative at Washington or Mexico, 
or at any time makes suggestions to anyone that may be detrimental to the 
interests of such legislation, shall be expelled, when proven guilty, as per 
Sec. 49 of the Statutes.” 


When the hearing was resumed on Friday evening, 
Examiner Hines announced that the commission had 
concluded that while it is not interested in the rules 
and regulations of private organizations, in order to 
properly weigh the evidence, “it is interested in being 
advised with respect to deterrent influence brought to 
bear upon witnesses.” It, therefore, denied the mo- 
tion to strike out the testimony. 

The brotherhoods completed their case Tuesday 
afternoon without giving any rebuttal testimony to 
the charges of intimidation and coercion. Oral argu- 
ments will be heard in Washington on November 27. 

According to the latest ruling of the commission, 
the headlight order is to take effect on Jan. 1, 1917. 


RaAILwAy EXTENSION IN CHILE.—Permission to con- 
struct a branch line from the Antofagasta-Bolivia rail- 
way, uniting the station Salinas with the nitrate deposits, 
Los Penitentes and Carabana, has been granted to Emilio 
A. Carrasco. The government has also granted to Alfredo 
Aldunate and Felix von J. Marteville permission to con- 
struct and exploit an electric railway between La Union, 
Rio Bueno, and Filuco, and a branch line from Rio Bueno 


to Lago Rauco. 


Tue ENGLISH CHANNEL TUNNEL.—An advocate of the 
English Channel tunnel recently gave some figures as to 
the cost and possible earning capacity of the tunnel. The 
estimated cost of construction is $80,000,000. It is calcu- 
lated that of the 2,000,000 passengers who crossed the 
channel in both directions during the year, at least 65 
per cent, or say 1,300,000, would use the tunnel, and if 
each were charged 10s. ($2.40) this would amount to an 
income of $3,120,000 a year. To this it was hoped to add 
$325,000 for baggage, $200,000 for postal services and 
$4,000,000 for freight’ traffic, the total estimated revenue 
being, therefore, $7,645,000. Running expenses were put 
down at $2,000,000 per annum, which would leave $5,645,- ° 
000 as the annual net earnings on the $80,000,00 or over 
7 per cent, 


HE ninth annual convention of the Association of 
Railway Electrical Engineers was held at the La 
Salle Hotel, Chicago, October 31 to November 3, 


inclusive. E. W. Jansen, electrical engineer of the Illinois 
Central, presided. The attendance at the convention this 
year was exceptionally good, with 118 railroad men pres- 
ent; 85 were senior members, 20 junior members and 13 
guests. The Railway Supply Manufacturers’ Association 
reports a registration of 112, 48 of whom were represen- 
tative members. The first meeting was called to order at 
10 o’clock Tuesday morning, October 31 and after hear- 
ing the president’s address and the report of the secre- 
tary and treasurer, the attention of the meeting was 
turned to the consideration of new business. 


Classification of Technical Literature 


Under the head of new business, J. R. Sloan of the 
Pennsylvania, who is the association’s delegate on the 
“Joint Committee on Classification of Technical Litera- 
ture,’ presented a progress report of the joint committee. 
The work of this joint committee is the result of an elab- 
orate system which was presented by the late D. S. 
IXnauss of Philadelphia at the annual meeting of the Am- 
erican Gas Institute in October, 1914, for the classifica- 
tion of literature and data regarding this industry. At 
that time, after much favorable discussion, the subject 
was referred to a committee which realizing the demand 
for a similar classification system in other lines of engi- 
neering and realizing the close inter-relation of the 
various branches of engineering, decided that before put- 
ting further work into a system designed for gas engi- 
neers alone they would endeavor to get joint action on 
the part of all kinds of engineers to the end that a satis- 
factory system of classifying engineering knowledge in 
general might be devised which would receive the ap- 
proval of all national engineering’ societies. 

In response to an invitation issued by the American 
Gas Institute committee to a limited number of represen- 


tative societies, seven delegates were appointed and met 
in the United Engineering Societies building in 1915. 
After a full discussion of the subject the following reso- 
jutions were unanimously adopted: ‘‘Resolved, that it 
is the opinion of this committee that it should in conjunc- 
tion with representatives of other technical bodies under- 
take the preparation of a classification of applied science.” 
And at a second meeting attended by delegates from 32 
technical. bodies, and held in New York on May 21, 1915, 
the discussion fully confirmed the opinion expressed at 
the first meeting that there was an insistent demand for 
a satisfactory classification system suitable for the use of 
engineers and practical men. At this time a formal 
organization was effected and the name Joint Committee 
on Classification of Technical Literature was adopted. 
The committee is now made up of 32 delegates from all 
the technical bodies in this country and is going ahead 
with the work of devising a standard sy stem for the sat- 
isfactory classification of technical information. At a 
meeting in New York on April 1, 1916, the executive 
committee of the joint committee has recommended that 
certain subjects be assigned to the different organiza- 
tions most vitally interested in them, the final compilation 
to be performed by one central body under the super- 
vision of an expert classifier and this is the way in which 
the work will undoubtedly be handled. 


DISCUSSION 


J. R. Sloan (Pennsylvania): There has been no’ sub- 
ject as yet assigned to the Association of Railway Elec- 
trical Engineers. I have also received word that the 
work of the committee will be taken up by a paid assist- 
ant with stenographic help, whose entire salary will be 
paid by the United Engineering Library. 

The report was accepted as a progress report. 


Constitutional Amendments 


All amendments to the constitution of the Associa- 
tion of Railway Electrical Engineers which had to do 
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with membership were unanimously voted down, so that 
the wording of the constitution in this respect has not 
been changed. The same is true for amendment to the 
constitution regarding admission and expulsion of mem- 
bers and dues. Section 3, under Article 6 referring to 
management was also left unchanged, as was Article 10, 
in regard to proposed amendment to the constitution. 

The only change to the constitution that met with the 
approval of the association was Section 2 of Article 5 
in regard to election of officers. As amended this sec- 
tion reads: ‘‘The officers of the association, with the 
exception of the secretary-treasurer, shall be elected 
from the senior active members by separate ballot, with- 
out nomination at each annual meeting. Two tellers shall 
be appointed by the president to conduct the election and 
report the results. A majority of all votes cast shall 
be necessary to elect. Election must proceed without ad- 
journment or interruption of other business. Section 
3: The term of office of each officer, except the secre- 
tary-treasurer, shall begin at the close of the election and 
shall continue for one year, or until their successors shall 
be elected and quali- 
fied. One vice-presi- 
dent shall be elected 
from the eastern sec- 
tion and the other 
vice-president from 
the western section as 
hereinafter defined. 
The  secretary-treas- 
urer shall be ap- 
pointed by a major- 
ity vote of the execu- 
tive committee and 
shall be continued in 
office until his office 
shall become vacant 
as described in Sec- 
Hits Oy O1~ Trticles 5!" 
The changes in the 
sections outlined above simply mean that the secretary- 
treasurer, instead of being elected by the association, 
will be appointed by the executive committee. This 
change received the unanimous approval of the mem- 
bers present. 


E. W. Jansen, 


President 


Industrial Trucks 

j. A. Andreucetti, Chicago & North Western, advised 
the association that the Committee on Industrial Trucks 
presented a final report at the last annual convention in 
1915, which in substance stated that the Society of Auto- 
mobile Engineers had practically accepted the recommen- 
dations that were sent out by this association by letter 
ballot, standardizing on sizes of tires and other dimen- 
sions. He said that nothing new has developed since 
that time to require further report, which is also the 
opinion of Mr. Buckwalter, who had written to Mr. An- 
dreucetti in regard to the matter. 


DISCUSSION 
L. F. Billau (Baltimore & Ohio): Have any of the 
members present had any experience with industrial 
electric trucks in railroad service, using the 24-volt sys- 
tem, as recommended by the association? We have gone 
into the use of the truck to some extent in our shop and 
find there is some opposition on the part of certain motor 
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manufacturers against the 24-volt motor, they claiming 
that the higher voltage motors are more efficient and 
more economical to manufacture. Only a few manufac- 
turers are on their own initiative offering the 24-volt 
motor. 

President Jansen: Three or four years ago we tried 
out a certain make of industrial truck, using ‘a 48-volt 
motor and found considerable leakage across the battery 
cells. The construction of the battery was such that even 
when standing there were leaks and slight sparks. As 
the truck was‘used where cotton was stored, the under- 
writers practically ruled the truck off the dock. For 
that reason I personally prefer the 24-volt motor, with 
as few cells and as few connectors as possible. We 
have had six different makes of trucks in our tests and 
five of them had low voltage motors. 

L. F. Billau (B. & O.): The trouble with the 24 volt- 
motor seems to be due to abnormal grade conditions. It 
has been our experience that some of the low voltage 
motors have been unable to negotiate grades up to 16 
or 17 per cent. The manufacturers of these motors em- 
phasize the difficulty of furnishing commercially a low 
voltage motor that would take an abnormal over-load. 

J. L. Minick (Pennsylvania): In my opinion the 
trouble is simply one of design. For instance, a Buck- 
walter truck was not intended to negotiate grades greater 
than 10 per cent under actual service conditions, conse- 
quently when going up a 15 or 17 per cent grade it will 
lay down on the job. On the other hand, the 48-volt 
motor may have been designed for that specific duty. 

We Aslancoeky(C. of G.) : We-use quitesa’ number 
of industrial trucks for terminal business, around the 
cotton mills and also for hauling fertilizers. We use 24- 
volt motors and do not have any difficulty in overcoming 
10 or 12 per cent grades with them. Our trucks, which 
are of the straight frame, drop frame and regular freight 
types, are giving good service. 

EF. S. M. Macnab (C. P. R.): I think the 24-volt truck 
is preferable to the 48-volt truck or any other higher 
voltage. For one reason 24 volts is practically the same 
voltage used in passenger cars at the present time. 
Therefore, the 24-volt trucks, which are used in car 
yards, can be charged on the same line with the electric 
car lighting equipment. Another good reason for using 
the 24-volt trucks is that the number of battery cells is 
materially reduced, which reduces the number of connec- 
tions. At one point on the Canadian Pacific we have 
had difficulty in ascending the grade up to the ships 
when loading on a gang-plank, but the trouble was over- 
come by a reduction of gears, in other words, a reduc- 
tion of speed and not by a change in voltage. 

L. F. Billau (B. & O.): Personally, I am in favor of 
the 24-volt trucks for reasons mentioned and also from 
the point of view of maintenance and I feel that if we 
are having trouble in getting a satisfactory 24-volt mo- 
tor, that it is simply a question of design. It is up to 
the motor manufacturer to give us a satisfactory motor. 


Electric Headlights 


The Committee on Locomotive Headlights had not pre- 
pared a formal report this year due to the unsettled con- 
dition of legislation affecting this subject. The chairman 
presented a verbal report of progress during the year. 

The committee is as follows: J. L. Minick, Pennsyl- 
vania, chairman; Charles R. Sugg, Atlantic Coast Line; 
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J. J-Hack, Southern Pactic,; EewW. Jansen, lllinois Cem 
tral; H. R. Pennington, Chicago, Rock Island & Pacific. 


DISCUSSION 


E. S. M. Macnab (Can. Pac.)—What has been done 
with regard to changing the are headlight to incandes- 
cent and has the gas-filled lamp altered the situation? 

J. L. Minick (Penn) 4A number or toads are; now 
changing from are lamps to incandescent lamps; I see 
no reason why that change should not be made, usually 
with a considerable saving in wattage consumption. A 
line of incandescent lamps has been developed for loco- 
motive headlight work either in a 6-volt or a 30-volt 
type and there should be no reason why they cannot 
be successfully applied to the equipment already in serv- 
ice. 

COR. suger A. Cele We havesarpresent 210jinean- 
descent headlights all equipped with 250-watt 32-volt 
lamps. We adopted the following procedure when order- 
ing these headlights: We obtained three incaidescent 
headlight equipments from manufacturers and put them 
on three locomotives. We then let three men have them 
for a while, after which we took them away from these 
men and gave them to somebody else. This started a 
fight. The men who first had the lamps wanted them 
back, but they were told if they desired that type of 
electric headlight they would have to make a written 
request for one. As a result, out of the 210 that we 
have now, about 175 were installed by special request of 
the engineers; in fact, it is now our practice to refuse 
to install them except by such special request. Every 
one of the locomotive engineers who have operated with 
the incandescent headlights says that he would not have 
the old electric arc lamp back under any consideration. 
Incandescent lamps that we now have are mostly on one 
division and the arc lamps on another. Where we have 
installed the incandescent lamps we have reduced the 
headlight failures considerably and I know that the main- 
tenance cost is much less than for the arc lamps on ac- 
count of the trouble we formerly had from burnt out 
armatures. 

J. Ay Anidreucettie(C, & NT We the North Western 
road has today approximately 1,500 locomotives with 
incandescent headlights, using 19 by 9 in. reflectors. 

President Jansen: On some tests recently niade by 
the Pennsylvania Lines West using a standard 18 in. 
by 9 in. reflector with a 250-Watt 32-volt lamp, about 
six regular locomotive engineers were used as observers. 
These men had their eyes examined just before the test 
and at a speed of 20 miles an hour dropped a small sand 
bag when they first saw the object, nobody knowing at 
what point the object would show up. The average of 
all readings was a little over 800 ft. on the running test, 
but during the standing test the average of all observers 
was a little-over 1,000 it. “Ihe law “specifies that the 
object must be seen at a distance of 1,000 ft., but it does 
not specify whether the locomotive should be running 
or standing still. 

je Ri cSlean, (Penn:) -f Is thetordereas issuedsin such 
shape that it can be understood; does a railroad know 
what is required of it and if not what are the points 
that are undetermined? . 

J. L. Minick (Penn.): From railroad men who are 
interested in this subject, I gather that the objection 
to the Interstate Commerce Commission ruling is the 
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indefiniteness of the order. It specifies that engineman 
with normal eyesight shall be able, under normal weather 
conditions, to see an object the size and shape of a man 
dressed in dark clothing at a distance of 1,000 ft. There 
is not a single thing in that specification except the dis- 
tance of 1,000 ft. that is definite. There is no normal eye- 
sight; there are no normal weather conditions and a 
man dressed in dark clothing is also an indefinite de- 
scription. What kind of a man, how big a man, how 
small a man? Is he tall or short, wide or narrow, white 
or black What is dark clothing? I have put that ques- 
tion by letter to half a dozen of the big tailors in the 
United Statesaaiiiaes 
have gotten just as 
many different ans- 
wers ; each one has his 
opinion as to what 
dark clothing is. My 
own impression is that 
the thing the railroads 
would like to bring 
about is some kind of 
a specification that is 
definite in its terms 
and which can be 
measured and repro- 
duced tomorrow as 
well as any other 
time. The suggestion 
of the railroads has 
always been to go to 
terms of candle power. Candle power can be 
measured exactly, the same as voltage, steam pressure, 
gallons of water or any other measurable quantity. If 
that point can be agreed upon, the only remaining thing 
is to have someone in authority, determine how much 
candle power. 


Cc. J. Causland, ist. Vice-Pres. 


Car Lighting Handbook 


The progress report of this committee appeared in the 
October issue. After reading the report, E. Wana- 
maker, chairman of the committee, said that in the face 
of the preponderance of electricians over engineers in 
the association, it is only fair that the electricians receive 
a great deal of consideration by the association. The 
best way that that can be done is to get up a handbook 
which is not a book or work on engineering, and which 
covers only the vital points in which the electrician is 
especially interested. At present any book that such an 
electrician buys is so written that he has to read 90 pages 
that do not do him any good to find 10 pages of real 
information. For this reason, it is my idea that the 
association is well able to get up such a handbook on 
electric car lighting. If the handbook is successful for 
car lighting, a similar one could be prepared on electric 
headlights, shop equipment, turntables, coal chutes, pump- 
ing plants and other special phases of work handled by 
electricians on steam railroads. 

J. R. Sloan (Pennsylvania) : The material for the pro- 
posed handbook is just the kind of data that we should 
have in the loose-leaf proposition that I have been work- 
ing on and I think that is the form and shape the matter 
should take, so that it can be placed in the hands of all 
the members. I furthermore think, that when this mat- 
ter is brought up finally, it should be printed and copies 
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of it sent to the ranking senior active members on each 
railroad for criticisms and suggestions before it is finally 
presented at the convention. 

L. F. Billau (B. & O.): I do not know of anything 
that could be of more practical value and benefit to the 
electrical men on the railroads than something along the 
line of a practical handbook such as has been suggested. 
It could well be used by men in the field as well as men 
in the office and it is something which railroad men have 
lacked, but have long needed. 

Wee ieettacks (50: Pac.) lam very much in favor ofa 
book of this kind, We are all changing men frequently 
and lots of them go on the job and do the best they 
can, but for lack of 
information they of- 
tem do. the) wiron2 
thine. 

J. Andreucetti (C. 
& N. W.): The com- 
mittee has already 
gathered quite a com- 
prehensive set of 
working rules and 
instructions to be in- 
corporated in the 
handbook, so that the 
work of the commit- 
tee is well under way 
and should be ready 
to be presented to the 
association for ap- 
proval next year. 
The report was accepted as a progress report. 


J. E. Gardner, 2nd Vice-Pres. 


Illumination 


The complete report of the Committee on Ilumina- 
tion was printed in the October issue of the Railway 
Electrical Engineer. 

DISCUSSION 


J. A. Andreucetti (C. & N. W.): What has been done 
in relation to the joint conference with the American 
Railway Engineering Association relative to the future 
laying out of yards for taking care of the pole lines 
necessary for the illuminating system? 

L. S. Billau (B. & O.): This information is now prac- 
tically completed and with such supplementary data as 
we may be able to secure on lighting units will no doubt 
be of considerable assistance to the American Railway 
Engineering Association committee. 

C. G. Winslow (Mich. Central): Has anything been 
considered along the line of providing light for signals, 
thus making the illumination of the semaphore suff- 
cient to entirely do away with the signal light? There 
is a possibility of adding considerable value to the gen- 
eral yard lighting and at the same time saving the extra 
cost of signal lighting. In my opinion one pole-mounted 
light might replace three or four signals. 

L. S. Billau (B. & O.): I do not know of any case 
where a railroad has illuminated the signal semaphore 
as suggested by Mr. Winslow. The committee did not 
consider that phase of the question. 

W. J. Davis (Am. Lighting Co.): By placing a bat- 
tery of flood lighting units at each end of the yard at a 
minimum height of 75 ft. and mounting them so that 
the beam of light would be as nearly horizontal as pos- 
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sible, a real flood of light would be thrown out over the 
yard which would give a soft, even illumination. We 
have found that the 1,000-watt and 750-watt lamps in 
the flood lighting units are satisfactory. Flood lighting, 
if properly installed, provides an efficient and economical 
system of lighting yards; it does away with the over- 
head system, with conduit, with poles and with excessive 
lamp renewals. The present systems are good, but I 
seriously believe that flood lighting, intelligently ap- 
plied, can do the yard lighting as well, if not better, than 
anything previousy tried. 

J. L. Minick (Penn.): The lighting of ladder tracks 
in a strictly classification yard becomes a matter of spot 
lighting each individual switch. For that reason I do 
not believe, from my experience, that the flood lighting 
unit will serve satisfactorily with that particular class 
of yard lighting. There are many other classes of yard 
service, however, where the use of a flood lighting unit 
would undoubtedly prove satisfactory. 

G. W. Bebout (C. & O.): How about the compara- 
tive cost of flood lighting and the series lighting system 
installed on steel and wooden poles? 

J. L. Minick (Penn.): In a yard at Pittsburgh, high 
voltage mercury-vapor lamps are installed on six 90-ft. 
towers. I have been told by the engineer in charge that 
the cost of installation runs over twice as high as the 
cost of the ordinary magnetite arc installation on poles 
and that its operating expense is also higher. One ob- 
jection to the installation of towers in any yard is the 
fact that the layout of the yard is constantly being 
changed and for that reason it 1s highly desirable that 
a cheap pole construction be used which can be moved 
back and forth with the growth of the yard. The use 
of heavy steel towers is also objectionable in many cases 
because of the heavy permanent foundations necessary 
and the first cost of the towers. 

J. E. Gardner (C. B. & Q.): I have no absolute figures 
on the saving effected by lighting classification yards, but 
I have been investigating hump yard lighting during 
the past month. I have been riding with hump riders in 
yards which are adequately illuminated to see just where 
the lights are needed and what these men would do if 
they did not have the lights. From this investigation 
I feel that the lighting of the hump in particular, not 
necessarily the whole classification yard, is vitally impor- 
tant and I do not see how it would be possible to operate 
a hump with any degree of safety or efficiency if the men 
had to work without some kind of illumination. 

J. L. Minick (Pennsylvania): In regard to the rating 
of train lighting lamps, I wish to call attention to the two 
proposed schedules, it being understood that they are 
purely proposed schedules. We do not know when it 
will be possible for the manufacturers to come to the 
figure that we have suggested. We do know, how- 
ever, that at the present time, the 120-watt gas filled 
lamp is being used. The manufacturers are working 
on these lamps and have produced some in an experi- 
mental way, which have given fairly good results in 
some cases, while in others the experimental lamps have 
given poor results. In general, however, the progress 
of the art is encouraging. The present plan of proce- 
dure is as follows: When one lamp is developed, for 
instance, in the 30-volt schedule the corresponding lamp 
in the 65-volt schedule will immediately be shifted to 
the lumen value which we have specified regardless 


546 


whether it is a gas filled lamp or whether it is a vacuum 
type of lamp, the object is, for instance, that if it is 
possible to produce a 40-watt gas filled 500 lumen lamp in 
a 30-volt schedule, it will be a simple matter to shift the 
corresponding size in the 60-volt lamp to the 500 lumen 
value even though it be a vacuum type of lamp. There 
is practically no demand at the present time for the 75 
or 80 watt lamp consequently the manufacturers are 
not going to list it in their data book, but will hold them- 
selves ready to furnish such a lamp on request. 


Anti-Friction Bearings for Motor Equipment 


The report of this committee appeared in the October 
issue. 
DISCUSSION 


C. J. Causland (Pennsylvania.): In addition to the 
report many interesting questions have been considered 
by the committee one of which was a standard type of 
railroad shop motor and specifications for such a motor. 
In answer to a question if any definite information had 
come from the Power Club as to acts they have taken, 
Mr. Causland answered that no definite action had been 
taken at the present time, but that the matter was well 
in hand. J. A. Andreucetti advised that the Power 
Club has a committee which is to act in conjunction with 
the association committee on this subject. Mr. Causland 
then advised that at a preliminary meeting in March 
the committee met with 43 motor manufacturers in this 
country and out of the 43, 32 manufacturers were in 
favor of anti-friction bearings, the remainder of the 
manufacturers referred the question to the Power Club. 
Mr. Causland said that he believed that the association 
would receive the hearty co-operation of the Power Club 
in the matter of standardizing on anti-friction bearings 
for motors. 

E. Wanamaker (C. R. I. & P.): While in Schenectady 
recently I got in touch with the General Electric Com- 
pany, who advised that they are making an effort to 
begin the use of ball bearings in their motors, but that 
their progress at this time is determined by the action 
of the ball bearing manufacturers. Within the last six 
months my road has purchased a number of motors for 
which we specified anti-friction bearings. We had the 
courage of our convictions on that particular type of 
equipment as to what the bearings should be and after 
conferring with the motor manufacturers and the ball 
bearing manufacturers we went ahead and got the bear- 
ings. In case this committee is continued, as it should 
be, we might be able to furnish some actual data on 
how the anti-friction bearings on the equipment just 
mentioned perform in actual service. In my opinion 
we will have to have considerable data of that nature 
before the Power Club or any other club can come our 
and take any real definite action on the proposition. Mr. 
Gildener of the S K F company suggested that the com- 
mittee investigate the use of ball bearings on mining 
locomotives. He also called attention to the table in 
the Data and Information Committee’s report showing 
that out of a total of 5,417 ball bearing axle generators, 
there were 40 failures, but out of 2,909 sleeve bearing 
generators there were 129 failures. 


Data and Information 


The complete report of this committee was published 
in the October issue. The discussion is as follows: 
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DISCUSSION 


E. S. M. Macnab (Can. Pac.) :\The question ofiee. 
tric car lighting cost as shown in this report is interest- 
ing, but I would like to draw attention to some of the 
figures, which vary from $3.88 per car per month up to 
$26.20 per car per month. I would suggest a sub-com- 
mittee of the Committee of Data and Information be 
appointed to investigate car lighting costs and go into the 
question thoroughly showing how the costs on the vari- 
ous railroads are compiled. i 

President Jansen: When a road reports that it lights 
its cars for $6 per month it is evident that there are some 
items that are not included. The labor would amount to 
more than that. Another road gives $3.88 as the cost 
per car per month, which in my opinion would not cover 
the cost of belts alone not considering battery renewals, 
lamps, generator repairs or labor. 

J. J. Hack (So. Pac.)—The only way to arrive at the 
cost of operation of electric lighted cars is to take an 
average over a period of five or seven years. 

President Jansen.—Some roads with about 1,000 cars 
operate them for about $12 a car month, others $11; other 
railroads find that the cost of operating and taking care 
of electrical equipment on their cars amounts to $20 per 
month per car. I think up to the present time if every 
road included all costs over a period of years, the cost per 
car month on account of electric lighting would be around 
$20. I know the Pullman Company charges $30. 

J. R. Sloan (Penn.)—I fully agree with Mr. Hack 
that the cost ought to be figured over a period of years. 
Up to about four years ago our accumulated average was 
$49.98 per car month, but after remodeling our equipment 
our accumulated average to date is something like $24 
per car month, which includes all the high costs of the 
previous years and aiso includes the cost of remodeling 
and changing from sleeve bearings to ball bearings. 

J. J. Hack (So. Pac.)—I feel that with a general run 
of equipment, part new and part old, if I can average $18 
or $20 per car per month over a term Ol yearcys eam 
doing pretty good. 

Alex. Voigt (A. T. & S. F.)—I do not think it is a 
hard job to get all the car lighting cost in the records if 
they are handled right. On the Santa Fe nobody but 
car lighting men handle car lighting material and the 
entire labor is charged over aganst the car lighting work. 
We have a shop order covering repairs to cars, under- 
going shop repairs. Any other work such as carpenter 
work or blacksmith work is charged to this car lighting 
job. We first ascertain the rates for the men from the pay- 
roll and charge any outside labor. In regard to the material 
we have the report from the storekeeper which we in 
turn check against our daily report; in that manner we 
have a double check. All bills made by the Pullman 
Company or other companies against us for labor on our 
cars on foreign roads pass through our office, the amount 
of the bill is listed and it is included in the regular car 
lighting cost. Any work done on foreign cars that we 
bill for is also credited against our car lighting cost. Our 
form is practically the same as outlined by the associa- 
tion’s committee, of which the late Mr. Frost was chair- 
man, and we have been following that form since about 
1902. I cannot think of an item affecting the cost of our 
car lighting equipment that we leave out, we include the 
charge for car lighting current, charging it out at a rate 
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that it cost us to produce it or at a rate for which we buy 
it, and we also go into the details such as hard rubber 
jars, lamp renewals, and what it is costing us to keep up 
our ball bearings, etc. On our belt mileage we have our 
individual record for each car, the total number of the 
belts are charged, and, knowing the total mileage made by 
the car, we readily get the mileage per belt. 

President Jansen.—On the Illinois Central there is no 
electrical material of any kind used on the system, belts 
or anything else but what we know about it. All elec- 
tricians are on our payroll and their entire time is charged 
to the cars and all of material they use is shown on the 
daily reports. We get all the bills for electrical material 
in our office, we price every bit of material reported, even 
if it is a screw that goes on the car, and there is no mate- 
rial charged against our cars but what we apply it, no 
matter whether it is a bolt, suspension parts or wire, or 
anything electrical or pertaining to electrical work. In 
that way every bit of material is considered and all the 
labor—we figure the 
entire  payroll—is 
charged outright. In 
this way the amount 
of material is right 
and the price is right. 
Ii we have any repair 
work done _ outside 
the bill comes to our 
department and the 
rest of it goes on the 
material report, so 
that everything is in- 
elided. limausc Ost 
record is kept on the 
basis above outlined 
on a road where good 
service is maintained 
the cost per car month 
is sure to be between $15 and $20 per car month. 

J. R. Sloan (Pennsylvania.)—I do not see any reason 
why, on a well regulated road, there should be any diffi- 
culty in following the form outlined. There is one ques- 
tion, however, with respect to the account which will 
vary greatly on various roads according to the organiza- 
tion, and that is the overhead expense. With us the over- 
head is divided into direct and indirect supervision, direct 
and indirect clerical labor, storehouse expense and 
terminal expense. Direct supervision is the time of the 
foreman and assistant foreman. Indirect supervision 1s 
the time of the foreman, to whom the car lighting fore- 
men report, prorated among the general foremen and 
the entire payroll. In addition there is a charge for 
light, heat, water, etc., in these buildings and another 
charge added on for the maintenance of the buildings. 
There is the direct clerical labor for the car lighting fore- 
men’s clerks and indirect clerical labor for the general 
foremen’s clerks prorated the same way. Then there 
is the storehouse expense, which is the expense of the 
labor of the storehouse keeper and his clerks which is 
prorated for that month. To the direct terminal expense 
are charged small tools, repairs for small tools, etc. I 
know on some roads there is no such thing as indirect 
supervision, indirect clerical labor, etc., and there is prac- 
tically no storehouse expense. With us that item aver- 
ages about 22 per cent of our operating costs. 


Sec.-Treas. 


J. A. Andreucetti, 
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E. Wanamaker (Rock Island).—We charge our ac- 
counts very much the same as Mr. Sloan has outlined. 
The store department charges us for all the material that 
is chargeable to electrical work on the cars plus 15 per 
cent. In regard to the shop orders it is a difficult matter 
to be sure that the electricians make out their charges 
correctly. The overhead charges are a large percentage 
of the total operating and maintenance charge and we 
absorb every bit of it. In an investigation, during which 
we tried to find out how much it cost us to light the 
different classes of cars per thousand car miles per month 
with gas and electricity, I could not find any figures that 
were reliable, but I did find that we were paying for 
things I never knew had to be paid for before. 


Loose-Leaf Binders 


J. R. Sloan, of the Pennsylvania, verbally presented the 
following progress report. Your committee on Data and 
Information for Loose-Leaf Binders has worked through 
the proceedings and has a large part of the data in shape 
to send to the printer, but took no action in this respect, 
as it was known that various items would probably be 
amended at this convention. The question of purchasing 
the loose-leaf binders to hold the above data was taken 
up with the executive committee, but your committee 
failed to obtain the approval for the scheme of purchasing 
these binders. We expect to take this matter up again 
with the executive committee and work up some scheme 
with them which will meet with their approval. The 
report of the committee was accepted as a progress report. 


Wireless Telephone and Telegraph 


In the absence of Dr. Millener, the report was pre- 
sented by J. H. Wickman, of the Illinois Central. In 
March, 1916, Mr. Mohler, then president of the Union 
Pacific Railroad, requested Dr. Millener to actively con- 
tinue his experiments on wireless telephone and telegraph 
as applied to moving trains. As a result an old dining 
car was converted into a wireless laboratory and a re- 
ceiving and sending station was erected at Grand Island. 
The station was of 1 k.w. capacity and easily exchanged 
messages with Omaha and surrounding towns. It was 
contained in two trunks built after the style of the United 
States Army, one for sending and one for receiving. The 
wave length of these stations was 800 meters and the 
tone wheel was so arranged that a different tone would 
indicate the different stations called, so that it would be 
unnecessary to continue calling the station, this being 
done by merely holding the key down. By July 31, 1916, 
the car was ready and the first trip was made. On this 
trip no messages were received because of some loose 
connections which had been improperly soldered as we 
found later, although messages from the car were re- 
ceived at one of the other stations. A few days later 
Dr. Millener was informed that the experiments would 
be temporarily discontinued. 


DISCUSSION. 


President Jansen—Apparently this work has been dis- 
continued. The Union Pacific has changed management, 
so that the committee will probably not be continued for 
the next year. Dr. Millener has made a considerable study 
of this subject, and I am sure he will be glad to furnish 
any of our members with information in regard to the 
use of wireless telephone and telegraph on trains on 
request. 
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Crane, Turntable and Transfer Table Motors 

The committee report on this subject, which was pub- 
lished complete in the October issue, was presented by 
Chairman H. C. Meloy, of the Lake Shore & Michigan 
Southern, and was accepted as a progress report. Mr. 
Meloy advised that the committee was unable to hold a 
joint meeting with the Power Club Committee, but that 
Charles Robbins, chairman of that committee, had sub- 
mitted a report just a few days previous to the conven- 
tion. Following is Mr. Robbins’ letter submitting his 
reports 


Mr. H. C. Meloy, Chairman. 

The Committee appointed by the Electric Power Club to 
confer with your Committee on the above subject submit here- 
with a report which partially covers the situation from the point 
of view of the motor manufacturer in that it presents consid- 
erable data concerning ratings, speeds and dimensions. 

The Committee has also conferred with the crane builders and 
has partial data on this subject, which is submitted to you to- 
gether with the report on the motor situation. 

Our Committee feel that the situation is so large that further 
co-operation should be carried on between your Committee, that 
of the Electric Power Club, crane builders, and the iron and 
steel electrical engineers, and would respectfully suggest that 
your association take action toward the continuance of the 
study of this subject. 

Signed by: W. L. Merrill, H. C. McCutcheon, 


bins, Chairman. 


Charles Rob- 


Compressed Air 


The complete report on this subject was published in 
the October issue. 

DISCUSSION. 

There was some discussion as to the correctness of the 
statement that the leakage through an orifice is constant 
when the pressure is more than twice the outside pressure, 
but J. E. Gardner (C. B. & Q.) pointed out that the state- 
ment was based on Pierces’ formula for the flow of gas 
through an orifice, and although it deals with various 
velocities, its application in this case is justifiable as only 
a rough approximation was desired. 


Electric Welding 


This report (October issue) was presented by J. H. 
Bryan of the Railway Electrical Engineer. 


DISCUSSION. 


J. H. Bryan.—Referring to the curve in Fig. 2, it will 
be noticed that the comparison is based on equal amounts 
of heat. In that curve no allowance is made for standby 
losses, so in reality the cost figures are more favorable 
to arc welding than is indicated. Referring to the other 
figures you will notice that the curve for cutting steel by 
gas only runs to about six inches, while the curve for 
cutting by the arc is continued up to twelve inches, and 
‘an, as a matter of fact, go still further, if necessary. 

J. H. Edwards (C. R. I. & P.)—I would like to have 
some more information regarding the slag covered 
electrode when used as a positive, as mentioned on page 
503 (October issue). 

J. H. Bryan.—It is my understanding that reference is 
made to a special coated electrode on the market in this 
country. It has a slag of asbestos which tapers around 
the electrode itself. The asbestos and clay with which 
the asbestos is impregnated melts down and forms a 
glazed covering over the work which protects it from 
oxidation. This slag is of such a nature that the metal 
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is kept absolutely clean and bright and no darkening of 
the metal surface results. When using this electrode it 
can be used as a positive, but for ordinary work, on fairly 
heavy sections, it is better to use the electrode as a 
negative because the excess heat of the positive can be 
used to better advantage on the work than in the 
electrode. 

Robert Kinkead (Lincoln Elec. Co.)—I wish to bring 
out the importance of using a sand blast when welding 
flue sheets, and it is my understanding that some of the 
larger systems have installed sand blasting equipment for 
that purpose with very satisfactory results. Two roads 
that have such equipment are the Pennsylvania and the 
Baltimore & Ohio. 

D. J. Cartwright (Lehigh Valley)—When we first 
started flue welding we used ordinary wire brushes, but 
we have since installed a sand blasting apparatus, and, 
in my opinion, the work done when using the sand blast 
method of cleaning is very much better than could be 
done with the old method. I should say that we save 
about 25 per cent in time in welding a flue when the sand 
blast 1s used. 

Robert Kinkead (L. E. C.)—I find that the use of 
what is commonly known as flux in electric welding has 
been practically abandoned. 

J. H. Edwards (C. R. I. & P.)—I agree with Mr. 
Kinkead in this respect. 

J. H. Bryan.—In regard to the standardization of weld- 
ing operations: It is important that this sort of work be 
followed carefully, otherwise the process is likely to be 
brought into disrepute. In one railroad shop, not long 
ago, flue welding was done on a piecework basis, and 
the men were turning out flues at an amazing rate, about 
40 an hour, which rate, to those who are familiar with 
electric welding, is unreasonably high and inconsistent 
with good welding. In, the same shop they are now 
welding about 12 or 15 flues an hour, which is more in 
line with correct practice, and the results they are getting 
since has fully justified the extra money spent on that 
particular job. It is difficult to inspect welding jobs of 
any sort and say from the appearance of the finished work 
whether or not the welds are perfect or whether or not 
simply a bunch of metal has been thrown in. It is a case 
of depending absolutely on the reliability of the man him- 
self as to the results, and when a man is found who can 
do reliable and accurate work, he should be given a rate 
which will give him plenty of time to do the job without 
skimping. For this reason piecework rates should be 
followed very carefully, and it requires a man who is 
thoroughly experienced in welding to make final decision 
in these matters. I wish to also point out that the carbon 
electrode could well be used more than it is in railroad 
shop practice for building up processes and for cutting 
away and cleaning, preparatory to using the metal 
electrode. Usually carbon electrode work can be done at 
a lower cost for labor and current than with the metal 
electrode on account of the greater speed with which the 
work can be turned out. Mr. Bryan also spoke of the 
advisability of each railroad having at its various large 
terminals a portable electric welding outfit consisting of 
a gasolene engine driven generator, mounted on a car 
propelled by the same gasolene engine. 

The report of the committee was accepted as a prozress 
HEPOLE 


Noven-ber, 1916 


Maintenance and Repairs 


The report of this committee, as published in the 
October issue, was read by J. R. Sloan. 


DISCUSSION, 


Mr. Seabolt (C. & O.).—Under the heading of dis- 
tribution the report states that “conduit in a roundhouse 
if painted will last approximately ten years.” My ex- 
perience has been that some conduit will not last over 
two years; as a result we have discontinued using con- 
duit in the roundhouse but are using slow burning 
weather-proof wire instead. 

A. J. Farrelly (C. & N. W.).—The life of conduit de- 
pends on where it is placed. We have found on the 
North Western that some conduit has lasted for 15 
years, while in other cases it has not lasted more than 
three years. We find that where the conduit in a round- 
house is placed below the gas line, little trouble will re- 
sult whether the conduit is painted or not. 

J. R. Sloan (Penn.).—I wish to call attention to the 
statement in the first column on page 509, (October 
issue) about the fifth paragraph, which states that the 
cost of maintenance and repairs for the individual motor 
drive installation is from 75 to 100 per cent. cheaper. I 
think what is probably meant is that the cost of main- 
tenance of a group driven installation is 75 to 100 per 
cent. more expensive. 

J. H. Wickman (Tllinois Cent.).—I agree with Mr. 
Sloan and the statement should be changed as he sug- 
gests. 

BE. Wanamaker (C. R. I. & P.).—In regard to the 
comparative cost of operating turntables with air and 
with electricity, will say that the Rock Island used 
to drive all of their turntables with air tractors. 
On investigating, however, we found it cost more to 
run such tractors than it does to buy them, so we dis- 
continued buying any more new ones, going to the motor 
driven tractors instead. We find that we can operate 
our motor driven tractor for 60 per cent. of what it for- 
merly cost us to operate with air tractors. We also find 
that the electric tractors are far more reliable and less 
likely to be out of commission. 

W. L. Bliss (U. S. L. & H. Corp.).—In regard to the 
supporting of conduits when laid against concrete I will 
also say that it is a common nuisance on ships to have 
the cold deck beams collect moisture and drip as well as 
the pipe in which cold water circulates. It is a common 
practice on such ships to paint ironwork that has that 
kind of trouble with paint in which cork dust is mixed. 
Pipes painted in this way will absolutely not sweat and 
will remain perfectly dry. 


Train Lighting Equipment and Practice 

The complete report of this committee was published 
in the October issue. 

DrscussIoN. 

J. D. Cartwright (Lehigh Valley), chairman of 
the committee.—Since the writing of this report the Mas- 
ter Car Builders’ Association has voted on the recom- 
mendations submitted to them by this association and 
have accepted every recommendation that was made ex- 
cept one, which was in regard to the fuse block. We 
would like to re-submit this recommendation and desire 
that the association go on record as being favorable to 
this type of fuse block. The Master Car Builders’ As- 
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sociation approved the box to hold the fuse but rejected 
the fuse block. 

J. R. Sloan (Penn.).—Referring to Figs. 16, 18 and 
26 (see committee’s report in the October issue) my 
impression is the same as Mr. Cartwright’s that the 
Master Car Builders voted this fuse block down under 
a misapprehension. The committee felt that there was 
ao good reason why it should not recommend as prefer- 
able the fuse block shown in Fig. 20 which can be manu- 
factured more cheaply and which can be used with the 
iuse shown in Fig. 25 on page 516. The committee also 
could see no reason, in case the recommended practice 
should be promoted to standard practice, for requiring 
all roads to use one single fuse block in place of what- 
ever fuse block they were using, which under the 
M. C. B. rules they would have to do if the fuse block 
in Fig. 20 was the only fuse block submitted. The idea 
of the committee is that all of the fuse holder shown 
will be standard but that on all new work the one which 
should be installed is the one recommended but that the 
fuse blocks shown in Figs. 16 and 18 will still be allowed 
to continue because they are already in use. The same 
fuse can be used by using the fuse holder or blocks that 
are shown in Figs. 22 and 26 respectively on page 516. 

A motion was passed that the committee report be 
referred to. letter ballot, especial attention being called 
to the fact that all of the recommendations with the 
exception of the fuse biock haye been accepted by the 
M. C. B. association and that in the judgment of the 
convention the one point which they turned down should 
be accepted by our association as the M, C. B. commit-~ 
tee intended to re-submit it next year. 

J. J. Hack (So. Pac.).—We have not been getting 
anywhere near satisfactory light out of our batteries 
on the head-end train between Oakland and Chicago, 
which we operate jointly with the Chicago & North 
Western and the Chicago, Milwaukee & St. Paul. Two 
months ago I installed a Sangamo meter on several cars, 
unknown to the train crew, and found some curious 
results. In some cases the batteries were being greatly 
overcharged, in others they were not being charged near 
enough. Agreeing with Mr. Sloan I do not see how 
the man located in the baggage car can charge the bat- 
teries properly. Personally, I believe the Sangamo 
meter would be a great help to the man in the baggage 
car in properly charging his batteries. 

F. W. Reed (Nor. Pac.).—It is difficult, with the 
head end system, to determine the condition of charge 
of each battery on the train and it is simply a matter 
requiring that the charge be continued at the proper 
voltage until, due to the taper charge, the current has 
been reduced to a minimum. In my opinion the ampere 
hour meter control in connection with the head-end sys- 
tem would be advisable. We have experienced trouble in 
obtaining a full charge on cars in the rear of the train 
and to take care of this situation have tried out a re- 
sistance in series with the batteries on the first cars in 
the train. 

J. R. Sloan (Penn.).—Can the man at the switch- 
board, by watching his meter, tell what amount of cur- 
rent is going to each battery? 

F. W. Reed (Nor. Pac.).—He cannot. 

A. J. Farrelly (C. & N. W.).—After about 16 years’ 
experience with batteries in connection with head-end 
train lighting, I have come to the conclusion that it is 
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necessary to have something automatic in connection 
with the battery which will cut it out when fully charged 
regardless of who is handling the dynamo and which will 
cut in the battery again when it requires a charge. 

I> Je Hack (56.8 Face =W emindeon.. our report 
“Charged battery observation car nine hours; charged 
battery on dynamo cars seven or eight hours.” This 
charge is given in many cases irrespective of the condi- 
tion of the batteries when they were first put on charge. 
For this reason it would be desirable to use a Sangamo 
ampere hour meter either in connection with an auto- 
matic device to cut out the batteries when charged and 
cut them on again when necessary or even to keep a 
check on the men in charge of the dynamo. A Sangamo 
ampere hour meter if kept in order has considerable 
merit and I think it would increase the life of our plates 
considerably. It has been my experience that the 
dynamo men paid more attention to their batteries after 
they found out that I had a meter on the car. 

J. A. Andreucetti (C. & N. W.).—I agree with Mr. 
Hack that an automatic device is necessary. With the 
system used by Mr. Hack it is possible to keep a record 
of the number of ampere hours going into the battery 
but with it there is no way to tell whether the battery 
is charged or not and there is no way of preventing an 
overcharge. 

WL, Bliss (U.S. lek. Corp: ) Iti seemissto ane 
that when charging batteries on head-end trains if there 
is only one battery to be considered and no automatic 
devices are employed whatever, the guessing is in its 
simplest term, if there are two batteries the guessing 
becomes a little more complicated, but when there are 
half a dozen batteries the guessing becomes hopeless. 

J. R. Sloan (Penn.).—In regard to standardization 
of ball bearings on axle generators: This matter was 
detinitely settled some years ago, at which time practically 
all such generators were truck mounted so that we 
standardized on ball bearings No. 412. Since that time 
generators for suspension from the body of the car have 
been developed and I have been informed that the manu- 
facturers are using all kinds of bearings for this type of 
generator. I suggest that the committee of standards 
take up this question with the idea of standardizing the 
ball bearings for the body suspended generator. Mr. 
Sloan incorporated this suggestion as a motion which 
was carried. 

Metal Conduit Specification 

The committee verbally reported that extensive tests 
are now being made but have not been concluded and 
gave the following as an outline of what has been done 
to date: Practically all makes of conduit have been 
under test for over a year under varying conditions 
such as exposure to sulphur, gases, salts, etc., but the 
time that has elapsed since subjecting the test pieces to 
the action of these agents has not been sufficient to bring 
out any definite information. 

J. R. Sloan (Penn.).—We obtained samples of con- 
duit as manufactured by all the various conduit makers 
in the country and in getting these samples we enlisted 
the aid of the National Board of Fire Underwriters who 
had their representative pick samples of conduit as it 
was manufactured. In this way we did not get conduit 
which we might have if we had gone to the manufac- 
turers who would probably have given us something 
extra good. On the other hand, if we had gone to a 
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jobber we might have gotten conduit which he had had in 
stock for several years. In addition to the regular con- 
duit we have obtained samples of some Byers wrought 
iron pipe and we have some plain galvanized pipe and 
pipe with special coatings. We are bending the samples 
to 90 deg. and are painting one end, leaving the other 
end unpainted to show the effect of the paint. We intend 
to place some of the samples on the roof of the test de- 
partment building, which is near the locomotive test plant, 
so that the sulphur gases there are very strong. Other 
samples are placed on signal bridges, some are placed in 
New York where they are exposed to salt water condi- 
tions and others are being buried in the yard in which 
we have had poor results from all kinds of conduit and 
where the soil conditions seem to be extremely bad. In 
my opinion it will be two years and possibly more before 
we will be ready to report. We are making tests of the 
weight of these samples on a three months’ basis and 
in special cases, if there is anything worthy of note, we 
are having photographs taken. 
The report was accepted as a progress report. 


Election of Officers, A. R. E. E. 


The following officers were elected to serve the asso- 
ciation during the year 1916-17: President, C. J. Caus- 
LAND, Pennsylvania; Vice-President, J. E. GARDNER, 
Chicago, Burlington & Quincy; Executive Committee, 
Western district, A. E. Voter, Atchison) sl opekam@ 
Santa Fe; Eastern district, C. H. Quinn, Norfolk & 
Western. 


Place of Meeting Next Year 


It was decided that the semi-annual meeting would be 
held at the same time and place as the June meeting of 
the American Railway Master Mechanics’ and the Master 
Car Builders’ Associations, and that the annual meeting 
of the association will be held at Chicago, the date to be 
selected by the executive committee. 


Election of Officers of the R. E. S. M. A. 


At the annual meeting of the Railway Electric Supply 
Manufacturers’ Association the following officers were 
elected to serve for the ensuing year: President, F. F. 
SKEEL, Crouse-Hinds Company; Senior Vice-President, 
AzEeL AMEs, Kerite Insulated Wire & Cable Company; 
Junior Vice-President, J. H. Ropcer, Safety Car Heating 
& Lighting Company; Secretary, J. ScripNeR, General 
Electric Company; Treasurer, Epwarp Wray, Sangamo 
Electric Company. The members of the present Execu- 
tive Committee are E. L. CALLAHAN, Westinghouse Lamp 
Company ; GEorGE BERGER, Gould Storage Battery Com- 
pany; C. W. BEenpber, National Electric Lamp Associa- 
tion; L. J. KeENNEpy, Consolidated Railway Electric 
Lighting & Equipment Company; R. N. Newsorp, Wil- 
lard Storage Battery Company; W. S. BAuer, Edison 
Storage Battery Company; THomas ArTxins, Electric 
Storage Battery Company; D. WoopHeap, Central Elec- 
tric Company; H. A. Matruews, United States Light & 
Heat Corporation. 

The new members which were elected this year are: 
Messrs. WoopHEAD, ATKINS, KENNEpy and MATTHEws, 
taking the place of I. W. Jounson, Pyle-National Com- 
pany; H. E. Watkins, Benjamin Electric & Manufac- 
turing Company; GrorGE H. Porter, Western Electric 
Company, who have retired, and J. H. Ropcrr, who has. 
been elected Junior Vice-President. 
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October 31—November 38, Chicago 


Adams & Westlake Company, Chicago.—Straight and drop 
handle car brake; roundhouse headlight and lighting fixtures. 
Represented by W. J. Pierson, A. S. Anderson, G. L. Walters 
and J. F. Fender. - 

American Pulley Company, Philadelphia, Penn.—Pressed steel 
armature pulley made up in the form of standard American 
pulleys, the rim being composed of two pressed steel parts 
riveted to a drawn steel hub ring. No rivets in face of 
pulley, therefore, to cut the belt. They also showed their 
tapered axle bushing and split pressed steel axle pulley with 
both the straight and flare cut flanges, the latter being for 
use in connection with the body hung generator. Repre- 
sented by J. S. Crapp and J. F. Forrest. 

Anderson Manufacturing Company, Albert & J. M., Boston, 
Mass.—This company had on exhibit two panels on which 
were mounted a complete line of receptacles and plugs for 
battery charging and general commercial service. Several 
types of plugs and reeeptacles were also displayed on two 
tables in their booth. A new line of charging plugs and 
receptacles known as the A B C type used for lighting and 
power service were on display. They are made up with 
single, two, three and four poles and with capacities rang- 
ing from 50 to 150 amperes. Such receptacles are especially 
suitable for portable conveyors on docks and for connections 
to portable tools in railroad shops, etc. This company also 
had on exhibit a number of improved types -of receptacles 
and plugs for yard charging purposes. Represented by B. 
G. Durham. 

Benjamin Electric Mfg. Co., Chicago.—Reflectors, Benjamin 
“Safety Flush” receptacles, the latter being open on both 
sides of the line except when a lamp or plug is screwed into 
it and Starrett panel boards. Several new fixtures for gas 
filled lamps were on exhibit which were of both the deep 
and the shallow bowl type constructed of steel and finished in 
baked enamel. A complete line of reflectors with the S type 
holders were shown which can be used with “Benco” sockets 
and outlet box receptacles and covers, the complete line being 
interchangeable. Represented by H. E. Watson, R. C. Mons, 
G. B. Weber and A. E. Lubeck. 

Bennett Company, I. A., Chicago.—Exhibited a complete line of 
“Sherarduct” and “Economy” metal conduit and “Krantz 
safety auto lock” switches. Represented by H. J. Newton. 

Central Electric Company, Chicago.—A complete line of Okonite 
wire and splicing tape. The exhibit booth was illuminated 
by one of the new “Four in One” fixtures which have been 
developed for station lighting. This fixture is similar to the 
Maxolite fixture handled by this company except that the 
reflector is of porcelain and the lamp is enclosed in an 
enameled glass bowl designed to give perfect diffusion. This 
fixture will take any size of the gas filled lamp from 100 to 
500 watts and is represented as being dust and bug proof. 
The socket case is of weatherproof enameled steel. A com- 
plete line of “Ralco” plugs and receptacles, D. & W. fuses, 
“Central Diehl” fans and Maxolites were also on exhibit. A 
new fan that is being put on the market by this company is 
known as the “Huc” indirect fan; it was described in the July, 
1916, issue of the Railway Electrical Engineer. The line of 
Maxolite fixtures has been greatly added to this year and is 
now very complete. The two new types that attracted espe- 
cial attention are the deep bowl and the skirted cone. This 
company also showed a set of distribution curves, including 
a blueprint curve for each one of their Maxolite fixtures 
which they are sending to railroad electrical officers to aid 
them in their illumination calculations. Represented by E. 
C. Wilson, J. M. Lorenz, L. G. Martin, D. Woodhead, R. N. 
Baker and A. L. McNeil. 

Consolidated Railway Electric Lighting & Equipment Company, 
New .York.—Axle generators, including their standard two 
k. w., 40-volt, 50-ampere interpole ball bearing machines, 
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which are equipped with an improved type of pole changer. 
A new body hung generator, consisting of a standard ma- 
chine with supporting lugs redesigned for body mounting, 
was also on exhibit. A type L-3 generator regulator with 
ampere hour meter control was mounted for inspection to- 
gether with their type L lamp regulator. A new motor driven 
lamp regulator was exhibited for the first time. This regu- 
lator is similar to the type L with the exception that the 
plunger coil, instead of operating the ratchet contact, simply 
engages a pawl which enables the motor, mounted on the top 
of the regulator, to move a sliding contact over the top of 
the resistance grid commutator by a rack and pinion and 
crank movement. Represented by Thos. L. Mount, W. R. 
Hungerford, L. J. Kennedy and D. N. Balderson. 

Crouse-Hinds Company, Syracuse, N. Y.—Condulets, panel 
boards, roundhouse headlights, switches, charging recep- 
tacles and plugs, flood lighting units and car lighting fix- 
tures. Among the new equipment developed by this com- 
pany and which was exhibited for the first time is a new car 
vestibule fixture consisting of a socket and reflector which 
can be removed separately without disturbing the wiring. 
This fixture is known as the R S series. A new flood light- 
ing unit was also shown consisting of a cylindrical case fitted 
with a 16-in. silvered reflector taking a 500 watt concentrated 
filament flood lighting lamp. The socket for this unit is 
equipped with a focusing attachment. The Crouse-Hinds 
safety first switch of the new M K series was also shown for 
the first time; this switch is simply a starting switch en- 
tirely enclosed in a cast’ iron case with a hinged separate 
cover for the fuse compartment. With this switch it is im- 
possible to remove the fuses while the switch is closed and 
it is also impossible to close the switch while the cover 
which exposes the fuses is open. Represented by F. F. 
Skeel, Charles Dubsky, J. A. Amos, Edward Otto, E. G. 
Smith, Charles Gurney and C. H. Bissell. 

Cutter Company, George, South Bend, Ind.—Panel boards, 
lighting fixtures, reflectors, ornamental lighting columns and 
cutout pulleys. Represented by O. B. Duncan and F. R. Carl. 

Edison Storage Battery Company, Orange, N. J—Edison nickel- 
iron car lighting batteries. A number of these cells were 
exhibited on pedestals, a portion of each cell being cut away 
so as to show all of the structural details. Represented by 
H.’ G. Thompson, F. V. McGinness, W. F. Bauer, H. M. 
Roberts. 

Davis Lighting System, Chicago.—A complete line of flood light- 
ing units. The various sizes of flood lighting units as manu- 
factured by this company were on exhibit, as were also sev- 
eral photographs showing representative installations. Rep- 
resented by W. J. Davis, F. M. Evans and W. O. Turtle. 

Electric Service Supplies Company, Philadelphia, Pa.—“‘Golden 
Glow” headlights, Darling-Henrici headlight turbo-generator 
equipments, “Garton Daniels” arresters, Keystone lamp 
guards and Keystone plug pins for high tension insulators 
and “Locke” Hi-tension insulators. This company now manu- 
factures the Darling-Henrici headlight generator which will 
be known in the future as the “Keystone” turbo-generator. 
These machines are built for either 32-volt, 500-watt, or 
6-volt, 300-watt. This company has also taken over the 
“Golden Glow” headlight, which is especially adapted for use 
on locomotives, marine equipment and docks. The standard 
headlight is 12-in. in diameter and will take lamps from 100 
to 250 watts of the headlight type. A flood lighting unit 
based on the Golden Glow principle was also exhibited which 
had a 12-in. reflector and which was equipped with a 250- 
watt flood lighting lamp. An interesting part of the ex- 
hibit were glass reflectors in the various stages of manu- 
facture. Represented by Charles J. Mayer, J. W. Porter, 
L. A. Darling, O. Mueller, Thomas H. Hinckle. 

Electric Storage Battery Company, Philadelphia, Pa.—E. S. B. 
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axle lighting equipment, including truck and body hung gen- 
erators, car lighting switch-board panels, car lighting storage 
batteries, in a two-cell, lead lined tank of slotted crate con- 
struction. A two-cell unit with rubber jars was also ex- 
hibited. Represented by G. H. Atkin, J. Lester Woodbridge, 
H. M. Beck, H. E. Hunt and O. R. Shortall. 


Fairbanks, Morse & Co., Chicago.—A special display of type C. 


P. B. direct current and type H alternating current, ball 
bearing motors with upper part of the motor frame cut away 
in each case to show the motor construction details, also 
to show installation and action of the ball bearing during 
actual operation. Even though almost half of its field frame 
was cut away the direct current motor was running from an 
8-volt storage battery. The motor consumed five amperes 
or 40 watts, of which more than one-half was consumed 
in the field. This demonstrated the low friction losses in the 
ball bearing. The alternating current motor was run by a 
small auxiliary motor as no alternating current was avail- 
able. It was interesting to note, in both motors, the small 
amount of space taken by the ball bearings as compared 
with sleeve bearings. The compactness of the design, per- 
mitted by the use of anti-friction bearings, effects a con- 
siderable saving in the floor space taken by the motor. 
The small air gap made possible by the use of ball bearings 
on the alternating current industrial motor was also notice- 
able; the small air gap increasing the efficiency of the 
machine. 

The type H induction motor was equipped with the stand- 
ard Fairbanks-Morse solid metal rotor winding commonly 
known as a cast end ring. A section of this ring was 
shown under a high power glass to show the perfect fusing 
of the rotor bar with the end ring. This company also ex- 
hibited a new auto starter, the special feature of which is 
the construction of the contactor finger. The tips of the 
contactor finger are removable and reversible so that in 
case one side becomes pittéd and burnt, due to arcing, the 
finger can be removed and turned around to present a clean 
surface. In this way double the life of the ordinary contact 
finger is assured. Represented by A. A. Taylor, M. Whitell. 
F. M. Condit, K. P. Brown and M. O. Southworth. 


Franklin Railway Supply Company, New York.—Stone-Franklin 


axle generator and car lighting switchboard panel. A stand- 
ard Stone-Franklin T-35 axle generator, equipped with the 
unique output indicator supplied by this company, was on ex- 
hibit. The switchboard shown consisted of a main light 
panel, a type L ampere hour meter panel and a type C gen- 
erator control panel. The original Stone system, as used 
abroad, is hardly recognized in the modern equipment ex- 
hibited by the Franklin Railway Supply Company, as a large 
number of improvements and refinements have been made 


to meet American car lighting practice and standards. Rep- 


resented by Floyd Coffin, H. D. Rohman and Henry Kloos. 


General Electric Company, Schenectady, N. Y.—Exhibited a 6.5 


volt, 175 watt turbo-generator headlight equipment with head- 
light case and reflector. Represented by C. C. Bailey, S. W. 
McCune, Jr., B. F. Bilsland and J. Van Kerokhove. 


Gould Coupler Company, New York.—Standard Gould “Simplex” 


car lighting switchboard panels, truck and body hung axle 
generators and car lighting storage batteries. In addition 
to the above a model of the Gould axle generator pole 
changer was shown in section which could be operated by 
turning a crank together with a complete shaft, fitted with all 
bearings. Besides the standard truck mounted axle 
generator, two generators of the body-hung type were 
exhibited, one being the standard machine inverted and at- 
tached to a casting designed to fit the feet of the standard 
machine, and the other a new moderate speed body-hung ma- 
chine, known as type R, especially designed for “Under- 
frame’ mounting. This machine is designed for a three to 
one speed ratio while the standard machines are designed 
for a two to one speed ratio. Both machines have a cutting 
in speed of approximately 18 m. p. h. The important fea- 
tures of the new machine are the accessibility of the pole 
changer, which is exposed by taking off a pressed steel 
dome, and the provisions made for ventilating the pole 
changer compartment. Represented by G. R. Berger, W. F. 
Bouche, P. H. Simpson, J. O. Ashton and M. R. Shedd. 


Harter Manufacturing Company, Chicago.—Standard lines of 


Harter lighting fixtures, including the De Luxlite, a new all 
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white self reflecting fixture and the new hinged ‘“‘Nitrolites.” © 
Represented by G. A. Harter, William Soffe, D. M. Ayers, 
D. E. Warrel and FE: Pitchardt. 

Hart & Hegeman Manufacturing Company, Hartford, Conn.— 
Exhibited two panel boards on which were mounted a vari- 
ety ot the different types of railway snap and push button 
switches, indicating switches and other wiring devices in- 
cluding pipe taplets, sockets, etc. This company is handling 
all of the Paiste products as selling agents. Represented by 
W. W. Winship, H. L. Everett, Jr., and F. C. Church. 

Ivanhoe-Regent Works of General Electric Company, Cleveland, 
Ohio.—Lighting fixtures, glass and metal reflectors. 

Kerite Insulated Wire & Cable Co., New York—Samples of 
wire and cable manufactured by this company. Represented 
by Azel Ames, J. M. Hamilton, P. W. Miller, W. H. Findley 
and J. A. Hamilton. 

National Lamp Works of General Electric Company, Cleveland, 
Ohio.—An interesting and instructive exhibit of Mazda 
lamps on three fumed oak frames. One frame contained 
a complete line of miniature Mazda tungsten lamps, the sec- 
ond frame showed the new locomotive headlight and flood 
light lamps of the following descriptions: 115-volts, 250- 
watt flood light; 115-volt, 500-watt, flood light; 32-volt, 100- 
watt headlight; 32-volt, 250-watt headlight, and 6-volt, 108- 
watt headlight lamps. On the third frame were mounted 
three rows of standard train lighting and commercial Mazda 
tungsten lamps including two sizes of the new daylight lamp. 
A color matching unit was also shown which gave a light 
equivalent to that of a north skylight. Another interesting 
feature of the exhibit was a demonstration of the color 
quality of incandescent lamps. Four types of lamps were 
mounted in separate partitions of a wooden box in such a 
way that a lamp of each of the four types illuminated similar 
strips of colored ribbon. The lamps themselves could be 
viewed from the front through colored glass. The lamps 
used were (1) Mazda C-2 (daylight), (2) Mazda C (gas- 
filled), (3) Mazda B (vacuum), and (4) Gem (metallized 
carbon). It was evident from this demonstration that the 
light from the daylight Mazda gave perfect daylight lighting 
and the correct color to the various ribbons, the gas filled 
Mazda was a close second while the vacuum Mazda and the 
Gem metallized carbon lamp showed considerable yellow 
light, the latter lamp being the worst offender in this respect. 
Represented by L. C. Kent, and C. W. Bender. ; 

National Metal Molding Company, Pittsburgh, Pa—Metal mold- 
ing, sherardized conduit, flex-steel conduit, outlet boxes and a 
complete line of fittings for this material. Represented by 
H. C. Moran, and J. A. Bennett. 

Oneida Steel Pulley Company, Oneida, N. Y.—Exhibited a stand- 
ard 18 in. Keystone flaring flange pulley with Oneida cor- 
rugated bushing mounted on a model section of a car axle. 
Various types of bushing for standard tapered and straight 
axles of the various sizes were also shown. Represented by 
NEG Stan 

Pass & Seymour, Syracuse, N. Y.—Exhibited a complete line of 
sockets, receptacles and wiring accessories, the special fea- 
tures of the display being “Shurlock” and double pole sockets 
and “one man” sign receptacles. Represented by D. R. 
Despard, L. A. Bishop, R. F. Crane and F. T. Haffner. 

Pyle-National Company, Chicago.—Exhibited Type K and type H 
incandescent headlight equipments for 6 and 32 volts. Head- 
light cases with 18 by 9 in. reflectors for 250-watt 
incandescent lamps were shown, as was also a unique adapter 
with micrometer screw adjustment for adapting an in- 
candescent lamp to old oil or arc headlight cases. The 
micrometer adjustment on the adapter provides a six way 
adjustment, both ways in three directions. This company 
also had on exhibit their standard single pole, double throw 
knife switches for cab wiring. This switch is substantially 
made and is particularly adapted to this class of work. Rep- 
resented by Luther H. Steger, J. E. Kilker and J. Will 
Johnson. 

Pyrene Manufacturing Company, New York.—Fire extinguishers. 
Represented by G. R. Henderson, F. P. Murphy, W. H. Get- 
man and H. V. Flora. 

Safety Car Heating & Lighting Co., New York.—Exhibited the 
three standard sizes of underframe axle car lighting genera- 
tors, lamp regulator panels and car lighting fixtures both of 
a direct and semi-indirect type. Represented by A. C. Moore, 
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J. H. Rodger, G. F. Hulse, J. L. Marsh, C. A. Pinyard and 
W. H. Reader. 

Schroeder Headlight Company, Evansville, Ind.—Incandescent 
headlight turbo-generators and other headlight equipment 
suitable for operation with 32-volt incandescent lamps. The 
generator is known as type R E 2 and is of 500-watt capacity. 
This machine was on exhibit for the first time but in general 
design is the same as the old 300-watt machine. An interest- 
ing part of the exhibit was a separate revolving unit from 
one of the 500-watt machines shown complete with turbine 
wheel and ball bearings. A headlight case for a 250-watt 
incandescent lamp with an 18 by 9 in. silvered copper re- 
flector was also exhibited. This case is equipped with Baker 
patented number frames which require no screws. A 10-watt 
lamp is mounted inside the headlight case for illuminating 
the number plates. An adjustable stand was also shown 
which is used to adapt incandescent lamps to old oil and arc 
headlight cases. On this adapter all adjustments are made 
by loosening two thumb screws. The adapter is bolted to 
the bottom of the reflector slide. 
Schroeder and George M. Price. 

Sangamo Electric Company, Springfield, I1l—Ampere hour 
meters, alternating and direct current watt hour meters. An 
interesting part of this exhibit was a standard ampere hour 
meter with a section cut away to show internal: construction 
details. Represented by A. B. Southwick, C. H. Koehler, 
C. H. Hurtt and Edward Wray. 

Thompson Electric Company, Cleveland, Ohio.— Exhibited a novel 
and practical safety cut-out hanger for hanging incandescent 
lamp fixtures and arc lamps from pole fixtures and in ac- 
cessible places in railroad machine shops, ete. This cut-out 
is well made and at the same time is of much lighter weight 
than other devices of this character. Such a cut-out is ex- 
tremely valuable for use around railroad yards and shops as 
fixtures installed with it are easily lowered for cleaning. 
They are also valuable as an accident preventive as their use 
enables fixtures to be cleaned and lamps renewed without the 
necessity of the lamp maintainers climbing poles and crawl- 
ing out over trusses, up high ladders, etc. Represented by 
A. J. Thompson. 

United States Light & Heat Corporation, Niagara Falls, N. Y.— 
Standard car lighting generators, switchboard panels, stor- 
age batteries, etc. The U.S. L. standard panel is equipped 
with ampere hour meter control and the lamp regulator has 
embodied in it a new feature consisting of a double pile of 
carbon disks which may be used either in parallel or series. 
The body hung generator, which was on exhibit, was cut 
away to show the construction details. The suspension for 
this generator is designed for center girder mounting and 
was displayed for the first time. This generator is simply 
a standard machine except that the frame has been re- 
designed without feet, it being fitted with an adapter single 
bearing lug instead which is hinged to a special bearing 
bolted to the fish belly or car girder. This machine is known 
as type C L A 15. A standard shaft for this machine com- 
plete with ball bearings was also on exhibit. A new lead 
storage battery plate has just been developed by this com- 
pany and was on exhibit for the first time, it being known as 
type C L J. The distinctive feature of this battery is in the 
plate which is provided with diagonal ribs to give added 
strength so as to prevent buckling, also a beading 
one inch from the bottom of each plate and directly above 
the triangular porcelain support is provided which will act 
as a solid support for the plate when it has been cut off at 
the bottom due to growth. Represented by R. C. Haley, 
H. A. Matthews, G. D. Ladd, W. L. Bliss and A. W. Donop. 

Western Electric Company, New York.—Enclosed power 
switches, “Square D” switch boxes, lamp guards, industrial 
train lighting and headlight lamps. Represented by George 
Hy Porter, J CG. Binning, T, J. Rider, Jr., and Harry 
Olmstead. 

Westinghouse Lamp Company, New York.—Mazda locomotive 
headlight lamps together with other tungsten lamps of inter- 
est to railroad electrical men. Represented by W. H. Roland- 
son, A. N. Brown and J. G. Harvey. 

Westinghouse Electric & Manufacturing Company, East Pitts- 
burgh, Pa.—Alternating current and direct current motors 
and direct current automatic control equipment. Repre- 
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Represented by J. Henry. 
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‘changeable and are liberal in size. 
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sented by W. H. Patterson, R. L. McLellan, R. J. Ross, 
H. D. Mode and H. B. McKinney. 

Willard Storage Battery Company, Cleveland, Ohio—‘“‘No- 
Wash” batteries, plates and battery parts. An interesting 
part of the exhibit was one of the “No-Wash” batteries, part 
of which had been cut away to show internal construction 
details, Represented by L. Sears, E. L. Meyers, I. R. Went- 
worth and L. B. Knight. 


lleavy IDuty Motors 


A newly developed heavy duty direct current motor has 
been developed by the Reliance Electric & Engineering 
Company, Cleveland, Ohio, in the design of which a- 
unique plan was followed. All details were submitted to 
35 electrical engineers in steel mill, railway and industriai 
service, and in each case the detail was selected which 
met the approval of the majority. In practically no case 
are more than 20 per cent of those consulted said to have 
favored details other than those seiected. 

The frame is a steel casting of rugged construction 
with heavy machined feet cast integral. The journal box 


Reliance Heavy Duty Motor. 


housings in the brackets are of the ring oiling type and 
are provided with pockets into which sediment from the 
oil may settle. An overflow with an extra large opening 
is let out from this pocket and is designed to take care of 
oil as rapidly as it can be poured in at the oil well open- 
ing over the oil ring. The oil hole covers are self-closing 
of their own weight. The leads are brought out through 
a block asbestos board between the frame and commuta- 
tor end bracket. This permits the removal of the end 
bracket by disconnecting the leads at the brush studs, 
which are readily accessible. 

The bearings on both ends of the motor are inter- 
The armature shaft 
is aiso of unusual size and the armature is built on a 
spider so that the shaft can be removed without disturb- 
ing the windings. The brush holders are mounted on 
studs carried by a rocker and are removable without tak- 
ing off the end voke. 

Special attention has been given to the design of parts 
which eventually will require renewal, in order that they 
may be replaced with the least possible trouble. 


I—lKlectric 


Meters 


Je lal, WiclKkmam* 


URING recent years the adaptability of the volt- 
meter for testing has become more generally 
known, but it is still true that most electricians 

who use this instrument, although familiar with its con- 
struction, do not fully appreciate the advantage of using 
it for determining resistances and for making other 
special measurements. For this reason the following 
examples which demonstrate the special uses of the volt- 
meter are interesting and instructive. 

Suppose we have a voltmeter provided with two scales, 
one from 0 to 150 in one volt divisions and the other 
from O to 15 in one-tenth volt divisions. We will also 
assume that the high scale coil has a resistance of 20,000 
ohms and the low scale coil has a resistance of 2,000 
ohms. Most all standard voltmeters have the resistance 
of the coils marked either on some part of the meter or on 
its case. In the following examples the 150-volt scale 
with the 20,000 ohms resistance will be used. 


Voltmeter Method of Measuring Resistance 


To measure the resistance of a coil of wire, a lamp 
or any other circuit with a voltmeter, the procedure is 
as follow 


So 
= Resistance of voltmeter—20,000 ohms in this 


R 
case. 
R1 = Resistance of coil or lamp to be measured. 
D = Deflection of voltmeter when connected across 


the circuit which supplies the testing voltage. 
D1 = Deflection of the voltmeter when connected in 
series with coil or lamp and across the supply 
circuit, that is the unknown resistance of 
the coil or lamp and the known resistance 
of the voltmeter are in series, which causes a 
smaller reading or deflection on the voltmeter. 
The formula for solving this problem may be stated 
as a proportion, 


IRS) 
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RIX D1 
Assume that the following values represent a specific 
Cace: 


ROU) 

Rl = Unknown 

Des A10rvolts 

Dive ObEvolts 

Substituting in the formula (1) we get: 

20,000 x 110 20,000 X 110 
———, Rl = ————_—_,, R1 = 20,952 ohms 
RIX 105 105 


This figure represents the sum of the voltmeter re- 
sistance and the unknown resistance as they are in series. 
Therefore, by subtracting 20,000 ohms we obtain 952 
ohms as the resistance of the coil or lamp. 

Another method that is often used to obtain the same 
result is represented by the formula: 


a 


Illinois Central, 


*General Foreman, Electrical Department, Chicago. 


By substituting our known values in this formula we 
obtain : 


110 
R1 = 20,000 —— 1! 
105 
and by removing the parenthesis, 
110 


— = 1.047619, 1.047619 —1 = 
105 


.047619 and .047619 X 20,000 = 952.38, 


which is exactly the same result obtained by the other 
method. 

The second formula (2) is based on Ohm’s law, which 
states that the current I in any resistance R equals the 
impressed voltage E divided by the resistance. 

E 


I 


Therefore formula (2) may easily be proved as fol- 
lows 

In the diagram of connections for measuring an un- 
known resistance with a voltmeter shown in Fig. 75, D 


D, 


D 
Volts 


Figu. 75; for Unknown 


of Connections 
Resistance with a Voltmeter 


Diagram Measuring an 


is the voltage of the testing circuit, Dr is the voltmeter 
deflection, R is the voltmeter resistance, RI is the un- 
known resistance and / is the current flowing in the cir- 
cuit. 

It is evident that the voltage across Rr is equal to the 
circuit voltage minus the voltmeter reading, or D — Dr. 
Therefore from Ohm’s law (3) the unknown resistance 
R1 is equal to the voltage impressed across it divided by 
the current flowing in the circuit, or 


De Di 


If we can now find an expression for the current / 
in terms of D and R we can substitute in formula (4) 
and thus get an expression for Kz in terms of voltage 
and resistance only, which is what we want. 

As this current, when flowing through the voltmeter 
resistance Jt, causes a voltmeter reading of Dz, which is 
the drop over that resistance, we may, by using Ohm’s 
law again, make the following expression for the cur- 
rent in terms of Dr and R: 


Now substituting this value for I in formula (4) we 
have 
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D—Dt1 R 


ae ) 154 
R 


which gives us the formula we wished to prove. 


R1 


D— D1 D 
oe) = Rk (—— =R(—-1) 
D1 D1 


Testing Insulation 


The voltmeter is also used for testing the insulation 
resistance of a circuit, machine or system. 

The insulation resistance is measured by connecting 
one terminal of a 500-volt direct-current supply to one 
of the machine terminals through a voltmeter with a 500- 
volt scale, and connecting the other 500-volt terminal to 
the frame. It is necessary, however, to first take a read- 
ing of the testing voltage which is represented by D in 
the above formule and care should be taken to keep this 
voltage constant. The connections are the same as those 
shown in Fig. 75 except that the unknown resistance Rz 
is the insulation around the windings instead of a coil 
of wire or other metallic resistance. In this case a is 
connected to one of the machine terminals while 0 is 
connected to the shaft or to some other part of the ma- 
chine frame. Either formula 1 or formula 2 may be used. 
The same method applies when measuring the resistance 
of any circuit or wiring system, or of a partial ground. 


Wattmeters 

In direct current circuits the product of volts and am- 
peres read from a direct current volt and ampere meter 
equals the true power of the circuit in watts. However, 
this is not the case with alternating current unless the 
power factor of the circuit being measured is unity. In 
alternating current circuits it is necessary to measure 
power in watts with a watt meter. 


aor 


To Load 


a 


current 7 
Co// 


Res-R 
Internal Connections of a Direct Current Wattmeter 


Eig: 76. 


The principle of construction of the direct current watt 
‘meter is shown in Fig. 76. The series or current coil, 
which is the stationary coil, carries all of the current 
flowing in the circuit being measured, while the movable 
-or potential coil is connected across the circuit. It will 
be noted that there is an external resistance F, in series 
with the potential coil; therefore, very little current 
passes through this circuit. . 

The potential coil is carried on the shaft which car- 
ries the indicating needle, and its deflection, which ts re- 
tarded by a spring, continues until the fields of the two 
-coils concide in direction. The deflection of the needle 
-or rotation torque of the movable coil is proportional 
to the currents passing through the two coils at any in- 
stant, or if the load varies rapidly, the watts indicated 
are the average, or zero in case no current is flowing 
through the current coil. 


Induction Wattmeter 
It will be noted with reference to Fig. 77 that the 
-induction wattmeter is connected to the load in the same 
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manner as the direct current wattmeter shown in Fig. 76, 
that is the current coil is in series with the load and the 
potential coil is across the circuit. However, in this case 
both of the coils are stationary and have laminated cores 
between which is the movable part consisting of a disk 
or vane ’. The alternating current in passing through 
the coils sets up an alternating magnetism in the vane 
or disk which reacts on the fields, the reaction being pro- 
portional to the current flowing in the coils. This causes 


Potential 


ee: Co// 


Resistance Jo Load 


Figen (its 


internal Connections of an 
for Single-Phase Circuit 


Induction Watt-Hour Meter 


a proportionate deflection of the needle, which is attached 
to the vane. 

The induction wattmeter is made in a polyphase type 
by providing two separate elements, but both vanes at- 
tached to the same shaft or indicating hand. In other 
words the polyphase meter is a combination of two 
single-phase meters in one case. The connections of a 
polyphase wattmeter are based on the same principles as 
those governing the connections of a single-phase watt- 
meter. Simple connections for a polyphase meter with 
the cores and resistance omitted are shown in Fig. 78. In 
the three-phase connection shown the potential for both 
elements is taken from the same wire but in two-phase 
work the potential for one element is taken from the wire 
shown dotted, at the same time breaking the connection 
shown at X. 

It is hardly necessary to mention the uses of the watt- 
meter, as it is universally used for all power and light- 
ing work at stations, for testing, etc. The wattmeter 
used for testing will be described under watt-hour meters. 


Measurements cf Power 


The wattmeter connections shown in Figs. 76 and 77 
are correct for two-wire direct current and single-phase 
circuits, and the connections shown in Fig. 78 are cor- 
rect for an unbalanced or a balanced two or three phase 


Current 
J Cor/ Jo Load 


\ Potential 
J Gircu/t 


To Load 


\ current 
Fig. 78. Internal Connections for a Polyphase Induction Watt-Hour 
Meter 
circuit. However, it is often necessary to ascertain the 


power passing through a three-phase circuit when a poly- 
phase wattmeter is not available. This can be done by 
connecting the current coil of a single-phase wattmeter 
in series with one line B as shown in Fig. 79, and main- 
taining a steady load. The potential is first connected to 
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C anda reading taken, then to A, as shown by dotted 
lines, and another reading taken. The sum of the two 
readings will be the total power taken by the load if the 
power factor is greater than .5, but if less than .5 it will 
be the difference of the readings. Where possible, how- 
ever, one polyphase or two single-phase meters are 


A | is 
current 
| £ Coil To Load 

8B aan 

potential 
Co// 
G 7 
Fig. 79. Diagram of Connections for Measuring Three-Phase Power 


with One Watt-Hour Meter with a Balanced Load 


recommended for taking measurements on two or three 
phase circuits. 


Watt-Hour Meters 


If the movable elements of a direct current wattmeter 
are replaced with an armature, or if those of the single- 
phase induction wattmeter are replaced with a circular 
disk and if both types of meters are equipped with perma- 
nent magnets to govern the speed of rotation they be- 
come recording instruments which rotate at a speed pro- 
portional to the current passing through the current coils. 


F 


q 
i 
i 
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General Appearance of the Thomson Recording Watt- 
Meter for Single-Phase Circuit with Case Removed 


Fig. 80. 
Hour 


Further, if the meter is calibrated to include the element 
of time it becomes a recording watt-hour meter. 

It should be stated here that ammeters, voltmeters, in- 
dicating wattmeters and similar apparatus are, strictly 
speaking, instruments and not meters as they merely in- 
dicate amperes, volts and watts without respect to time, 
which is included in all units of energy. For this reason 
the only real meters are those instruments which measure 
ampere-hours, watt-hours or kilowatt-hours, etc. 


Thomson Recording Watt-hour Meter 
The general appearance of the Thomson recording 
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watt-hour meter with the case removed is shown in Figs. 
80 and 81. A few examples to show the typical connec- 
tions of a recording watt-hour meter will be given. 
Space does not permit a detailed explanation of all the 
different makes so the more common ones will be used 
for purposes of explanation. It is hoped that the student 
will get enough ideas from those mentioned to be able 
to handle any type or make. 


Installing Direct-Current Watt-Hour Meters 


The following general rules apply to all types of dic. 
watt-hour meters. Before installation the revolving disk 
must be released by removing the small wedge that is 
placed between the disk and magnet to hold it steady and 
away from the jewel bearing during shipment. The 
jewel bearing at the bottom is either loosened or removed 
during shipment and must be restored to its natural po- 


The Polyphase Thomson Recording Watt-Hour Meter 
The Photograph Shows the Wiring for a 


Fig. 81. 
with Case Removed. 
Three-Phase Circuit 


sition before the meter is put into operation. House 
meters should be placed between the line switch and the 
load and meters used for motor work should be placed 
between the line switch and the motor switch so that the 
armature will always be excited. 

The disk should always revolve to the right or clock-_ 
wise looking from the bottom. It is good practice to 
turn the disk around a few times by hand to make sure 
that it revolves freely and also to make sure that the 
brushes make good contact on the commutator. The 
commutator of this type of meter should be regularly 
inspected and cleaned. This can be done by using a 
small piece of crokus cloth on the commutator once in 
every six months. With voltages higher than the com- 
mon lighting voltage an external resistance box must be 
used in connection with the exciting circuit and it is im- 
portant that this box bear the same serial number as the 
meter. 


Adjustments 


Whenever this tvpe of meter is to record a load that 
varies from 3 to 1200 amperes, a special adjustable shunt 
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is provided which makes it more accurate on the lighter 
loads. This adjustable shunt is placed in the left hand 
field coil when used in connection with a two-wire meter, 
as shown in Fig. 80 and in the right hand field when used 
on a three-wire meter, shown in Fig. 81. Meters of high 
current capacity have two adjustable shunt field coils 
either or both of which can be used for making light load 
adjustments. 

If a meter of this type is found to be inaccurate the 
shunt field can be moved either closer to or away froin 
the armature as necessary. Moving it away will decrease 
the armature speed and moving it nearer will increase 
the speed. 

The detail connections for the three-wire meter with 
the adjustable shunt field coil are shown in Fig. 81. A 


Fig. 82. A Detailed View of the Shunt in the Right-Hand Field 


of the Meter Shown in Fig. 82 


detailed view of the shunt in the right hand field of the 
meter in Fig. 81, is shown in Fig. 82. 

This type of meter is often used on alternating current 
lines where it will operate equally as well and accurately 
as on direct current. It must be borne in mind, however, 
that current and potential transformers must be used on 
high potential circuits or on circuits where the current is 
excessive. 

Any recording watt-hour meter is easily tested for 
accuracy, by comparing it with another watt-hour meter 


EN 


Volt 
Meter 


A diagram of connections for Testing the Accuracy of 


Fig. 83. 
the Watt-Hour Meter by Comparing It with a Standard Ammeter 


and a Standard Voltmeter. For Three-Wire Meters Each Current 
Coil Should Be Tested Separately and Then in Series. 


known to be accurate, both connected in series, and 
checking the readings after a long run. If the standard 
meter has recorded more than the one being tested it 
shows that the latter is slow and the speed can be in- 
creased .by moving the magnets that surround the disk 
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towards the armature shaft. If the meter is fast the 
magnets should moved outward. Another practical test 
is to compare the watt-hour meter with a standard am- 
meter and voltmeter or a portable standard wattmeter 
as shown by the connection diagram in Fig. 83. The am- 
peres times the volts gives the actual watts passing 
through the meters. The recording watt-hour meter VV, 
which is being tested, registers watts = 

R X K x 3600 

© othe: 
where R is the number of revolutions the disk makes 
in T seconds. K is the watt-hour constant of the meter 
which is always marked on the dial and 3600 is the num- 
ber of seconds in one hour. The percentage of accu- 
FACV == 


R X K X 3600 X 100 


es arnpetes xX volts 
For an example assume that a lighting load, which is 
steady, shows 8 amperes at 110 volts on the portable 
standard instruments. The true power is then 880 watts. 
The recording meter being tested has a constant of % 
and the disk makes 31 revolutions in 60 seconds. What 
is the percentage of accuracy? 

Substituting in the formula we have 

31 X 0.5 X 3600 x 100 

60 X 8X 110 
which is the percentage of accuracy. The watt-hour 
meter being tested is therefore running 5.68 per cent 
fast and the damping or retarding magnets must be 
moved out from the shaft until 100 per cent accuracy 
is obtained. 

Example: What would be the number of meter 
revolutions -in the above example when the meter is 
recording accurately on the given test load? 

Substituting and solving for R 


= 105.68 per cent, 


a RS 20233 Sie pans, | Anis: 


Whenever checking a meter a good stop watch 
should be used, and two or three trials should be made 
before moving the magnets so as to avoid personal 
errors. 

Duncan Integrating Watt-hour Meters 


The Duncan recording watt-hour meter is_ similar 
to the Thomson in construction. One marked differ- 
ence is that the Duncan meter has a small switch that 
is used for light load compensation. This is a multiple 
switch on the front of the back casting. If the speed 
of the meter is too slow on light loads (5 per cent of 
the meter capacity and under) the error is corrected 
in an instant by moving the lever of the switch towards 
the left marked Fast, or if the speed is too high the 
lever is moved towards the right marked Slow. To 
correct the speeds for loads greater than 5 per cent 
the magnets must be moved as the compensating 
switch is only to correct inaccuracies at light loads 
and to overcome the friction of the bearings. 


Testing 


The testing methods just explained also apply to 
the Duncan meter, and the same formula is used. The 
testing constant is marked on the revolving disk of 
each meter. This constant should be used for testing 
purposes only, never when reading a meter. 


3558 
Elevating Platform Truclk 


The Elwell-Parker Electric Company of Cleveland, 
Ohio, has placed on the market a new platform elevating 
truck which has been designed after a careful study of 
industrial conditions and extended tests in actual opera- 
tion. The truck embodies many of the features common 
to all Elwell-Parker trucks, as well as many new features 
which will especially interest mechanical department off- 
cers. The operator must stand in an upright position on 
the small platform in front. In his right hand he has the 
steering lever which he merely points in the direction he 
wishes to go; in his left hand is the controller handle 
which he pulls up to go forward at any one of three 
speeds, releases to stop, and pushes down to reverse. The 
brake is automatically applied by the operator raising his 
right foot, and it has such a high efficiency that the truck 
will stop in 14 in. when going at full speed. The instant 
the operator leaves the truck, even though running at full 
speed, the brakes are applied, automatically ; the controller 
goes to the “off” position, the circuit to the motor is dis- 
connected and the machine is locked until he again returns 
to the operating platform. All of these features have 
been highly commended by safety-first organizations 
throughout the country. 

The loading platform is only 11% in. over the floor, 
making it possible to carry greater loads, and offering a 
great advantage in loading heavy packages. The steering 
is accomplished by all four wheels automatically taking 
the same radius of curve, permitting operation in narrow 
aisles and under congested conditions. 

The driving mechanism is a worm gear operated by a 
motor, both simple and rugged in construction. The 
operator merely runs the truck under the loaded plat- 
form, starts the motor and the platform loaded with 4,000 
Ib. is raised 3 in., resting securely on the truck. The 
lifting device automatically stops itself when the platform 
reaches its maximum height and the truck takes the load 
to any point desired; then the platform is lowered with- 
out jolt or jar and the truck is run out from under it. It 
requires 10 seconds to lft the platform loaded with 4,000 
Ib. and seven seconds to drop it. The wooden loading 
platforms can be made at small cost to meet special con- 
ditions. 

It is not necessary for the operator to leave the truck 
when lifting or lowering the load and it is evident that 
there will be a saving in time and labor by the use of this 
machine, to say nothing of its possibilities in increasing 
the output and decreasing the cost of production. Vana- 
dium steel and drop forgings are used; also Timken and 
Hess-Bright ball bearings, Goodrich or Goodvear solid 
rubber metal base tires, etc. 


Pullmam Imstruction Panel at 
the Sunnyside Yards 


The illustration shows a test panel and test equipment 
which is used by the Pullman Company in the Sunny- 
side yards of the Pennsylvania Railroad, New York, for 
instructing car lighting men in the operation of stand- 
ard Pullman car lighting equipment. 

A type “M” U.S. L. generator is direct connected to 
one of the old “Bliss system” buckers the motor element 
of which is used to drive the generator. Any kind of a 
motor for driving the generator may be used. A stand- 
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ard Pullman regulating panel is secured to the wall im- 
mediately above the generator, on which is mounted the 
main regulating solenoid with the field carbon pile auto- 
matic switch, ampere hour meter and, in the extreme 
upper right hand corner, a relay which is controlled by 
the ampere hour meter and which operates to reduce the 
floating voltage of the system. It will be noticed that 
the board is hung on hinges so that it can be swung out 
from the wall when it is desired to inspect the wiring on 
the back. 

By adjusting a resistance in the field circuit of the 
bucker motor, the generator speed can be varied at will 
from the low cutting-in speed to over 40 miles an hour. 


The Pullman Car Lighting Instruction Equipment at the Sunnyside 
Yards of the Pennsylvania in New York 


The operation of each element of the regulator can there- 
fore be carefully observed. 

As a means of instructing new men, this operating 
panel is ideal since it shows just what happens at each 
step in the operation of the equipment, such as the build- 
ing up of the generator, the cutting in of the automatic 
switch, the raising of the plunger of the series coil, the 
opening of the carbon pile when maintaining the generator 
voltage constant, and the operation of the ampere hour 
meter when coming to a state of full charge. The clos- 
ing of the zero contact in the meter operates the stop 
charge relay which in turn cuts out a segment of re- 
sistance in the main solenoid voltage coil causing the 
plunger to rise a little higher and regulate at a lower 
voltage. On decrease in generator speed the automatic 
switch can be made to drop out in the ordinary way 
and as the generator voltage goes still lower it will be 
seen that the armature of the stop charge relay also drops 
out. The equipment is then ready for normal operation 
and will pick up in the ordinary way. 
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Convenient Location for a Turntable Motor 


When installing a motor-driven turntable for the new 
engine facilities at Centralia, Wash., the writer’s atten- 
tion was called to the fact that due to heavy rains in that 
locality and also because the turntable pit was located on 
a low piece of ground near a river supplied by various 
mountain streams, it would not be surprising to have the 


Fig. 1—Illustration Showing Appearance of Motor in Its Present 
Position 


pit fill up with water every spring when the snows on 
the mountain started to melt. As at that time all turn- 
table tractors were furnished by the manufacturer with 
the motor located low, underneath the floor of the trac- 
tor cab, the effect of a flooded pit was appreciated. It 
was, therefore, necessary to devise some means of relo- 
cating the motor in such a position that when the pit 
became flooded, the water would not reach the motor. 
The writer finally worked out the scheme illustrated in 
Figs. 1 and 2. By referring to Fig. 1 it will be noted 
that the tractor frame extends a considerable distance 
to the rear of the motor cab and offers a convenient place 
on which to locate the motor. It will also be seen from 
Fig. 2 that by simply turning the motor around and 
locating it on a base built on the tractor frame outside 
of the cab, it is still possible for the motor pinion to en- 
gage with the top of the gear with which it meshed while 
located in its original position under the cab. It was, 
therefore, a simple matter to construct a base for the 
motor on the part of the tractor frame above mentioned 
by using I-beams and a plate of sheet steel. It was also 
necessary to construct a housing for the motor to protect 
it from the weather, and the details of the housing finally 
decided on are shown in Fig. 2. 
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This new location for the turntable motor proved so 
convenient that the same application, as shown in Fig. 2, 
has been made standard on the Northern Pacific and not 
only are all new turntable motors located according to 
that standard, but some of the old ones have also been 
so relocated. The main advantages of the new location 
of the tractor motor are that it 1s easy to inspect and 
repair, that it can readily be removed in case it is de- 
sired to replace it with another motor and it cannot get 
wet if the turntable pit should become full of water. The 
increased accessibility of the motor is very important 
because there is no question but what a motor that is 
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Fig. 2—Details of the Motor Foundation Constructed to Permit 
Relocating the Motor in a Higher and More Accessible Position. 
Note Its Original Location Under the Cab Floor. 


easy to get at will receive more frequent and careful at- 
tention than one that is extremely difficult to get at as. 
were the motors in the old location. 
F. W. Reep, Chief Electrician, 
Northern Pacific, 
St. Paul, Minn. 


Annunciator Rheostat 


Having had in use for several years an annunciator 
signal between two departments of the shop, and on ac- 
count of the unreliability of common batteries for this. 
service, I devised the following scheme which has proven 
a success and a money saver. To begin with, I have a 
common “Gravity Drop” annunciator, also our own 
electric power plant 220 volts, D. C. 

The resistance is constructed as follows: Take a 
common battery jar of about 6 qts. capacity (about 8 in. 
across top) and make lid (or cover) for it of hard wood,. 
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which should be soaked in shellac and allowed to dry. 
Then through this cover bore two %-in. holes 6 in. apart 
to admit two arc lamp carbons. Over the top of these 
carbons press a brass cap taken from a 14-in. fuse car- 
tridge, to which is soldered a short wire. When this jar 
was made I connected it in series with our lighting cir- 
cuit (220V) and the annunciator circuit (having re- 
moved the batteries) and then poured water into the Jar, 
a little at a time until I received the proper amount of 
current. The jar was connected in the positive side of 
the circuit, and in this case the carbons are submerged 
about 4 in. This rheostat has given satisfactory serv- 
ice daily for five months. ; 
J. A» Bureis, Electrician, 
Ge iacosO wy, Joma) 


A Universal Detector 


The above name has been given to the outfit herein 
described, because it has been found reliable in testing for 
faults in electric machines, and of special value in noisy 
machine rooms. As shown in the sketch, all that is needed 
is two ordinary dry cells, a vibrator or buzzer, a watch- 
case telephone receiver, about 15 or 20 ft. of common 
lamp cord, and two small handles with steel points for 
“feelers.” The wiring scheme (is), series.’ 

The faintest vibration is easily heard even in a noisy 
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boiler shop and any handy man can do as I have done. 
Finding a magneto unhandy to use without an assistant, 
I devised the outfit described and have not desired any 
other for this purpose. The receiver is one from an old 
telephone and is equipped with a spring to fit over the 
head. I took the platinum tipped contact points to make 
a sensitive blade for the vibrator. Two bell-ringing 
coils (any coil of No. 24 or 36 wire 1 in. diameter 2% in. 
long will do) and a piece of % in. boiler piate (for base) 
made what proved to be a very sensitive instrument sim- 
ilar to a “buzzer.” The whole is contained in a wood 
case with slidme lid, 37% in. by Om. byet2 in, 
J. O. Burris, Electrician, 
Core Dak y., imine @), 


Emergency Battery Connection 


When flushing electric storage batteries, or when pull- 
ing them out of the battery box for inspection, etc., it 
often happens that the tray rolls or slips out towards the 
front faster than expected, in which case some of the 
lead posts may become badly bent or broken. As the 
part of the post which remains after the top has been 
broken off is too short for drilling a new hole for the 
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connector bolt and also because it is usually inconvenient 
to replace the damaged cell or tray of cells, it is necessary 
to provide a good temporary connection for the cable in 
some other way. In such emergencies the writer has 
used a scheme which has been found practical and satis- 
factory. Unfortunately the majority of our shops and 
repair stations are not equipped with a lead burning out- 
fit which would be necessary to replace the broken part 
of the battery post, so we make temporary repairs as 
follows: With a large flat file or rasp the top of the 
broken battery post is dressed down until it is even with 
the cover if necessary. A hole is then drilled straight 
down into the post for about one inch with a 3/16-in. 
drill. Next we take the connecting bolt, force it into 
the 3/16-in. hole previously made in the battery post. 
The bolt is turned into the hole by using a wrench on 
the nut, the threads easily cutting into the lead of the 
battery post. The lug on the connector cable is placed 
flat on the battery post before the bolt is screwed in so 
that when the bolt is screwed up tight, the connection 
is made. The writer knows by his own experience that 
this emergency method makes a good contact both me- 
chanically and electrically. 


Henry K. BoHLen, 
Pullman Company, Charleston, SiC 


An Improved Tension Nut 


In a great many instances we are confronted with 
machines coming in off the road with loose belts, some- 
times due to the fact that the tension nut has worked 
itself loose, which often causes belt to flange or even 
to become lost. 

The illustration shows a tension nut that I believe will 
prevent further trouble in this direction. 
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It will be noted that after the hexagon nut is slipped 
over tension rod and screwed onto the slotted and 
threaded section, the lighter it is screwed up the more 
firmly the tension nut is held in place. 

Rost. fy Litres, Electricmny 
Michigan Central Railroad. 
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The R. & J. Dick Company, Inc., Passaic, N. J., opened 
on October 1 a branch office at Atlanta, Ga. This is the 
second new branch opened this year, as they established 
an office in Seattle, Wash., in January, 1916. 


The Electrical Committee of the National Fire Pro- 
tection Association will hold its biennial meeting in New 
York city, in March, 1917. A revision of the national 
electrical code will be considered at this meeting, the 
exact date of which will be announced later. F. E. 
Cabot, of Boston, is chairman of the committee, and 
Ralph Sweetland, 141 Milk street, Boston, Mass., is 
secretary. 


The system of propulsion being installed on the 
“Tennessee,” a U. S. super-dreadnaught of the largest 
and finest class, differs from any now in use by battle- 
ships. Instead of the propellers being mechanically con- 
nected to the driving engines or turbines, there are two 
steam turbines developing over 33,000 h.p. driving elec- 
tric generators which furnish current to motors.— 
Journal of Electricity, Power and Gas. 


St. Paul Electrified 336 Miles 


The Chicago, Milwaukee & St. Paul, on November 1, 
put in operation its third electrified district ; the line from 
Deer Lodge, Mont., to Alberton, 110 miles. This makes 
the total length of line electrified, Harlowton to Alberton, 
336 miles. The last district to be electrified, that from 
Alberton to Avery, is expected to be put in operation in 
January. With the completion of this section the total 
electrified mileage will be 440. 


U. S. Light & Heat Corporation 


At the recent annual meeting of the stockholders of 
the United States Light & Heat Corporation the following 
Board of Directors were elected: Egbert H. Gold, J. 
Allan Smith, Ralph C. Caples, Henry W.-Farnum, A. 
Henry Ackermann, Chauncey L. Lane, Keene H. Add- 
ington, James A. Roberts, Conrad Hubert, George G. 
Shepard, Edwin Kk. Gordon. An attempt was made to 
obtain proxies for an opposition ticket, but at the meet- 
ing no such ticket was presented. The vote of confi- 
dence in favor of the present management was 371,079 
out of 425,245 votes cast. 


The Little Yellow Dog 


The Order of Yellow Dogs which was started three 
years ago at the Chicago convention of the Association 
of Railway Electrical Engineers is growing rapidly, and 
this year many new members were initiated at conven- 
tion headquarters. The order was founded by Barney 
Gallagher of the Illinois Central, and true to its name it 
was only necessary to give it a good start. This year 
the Kerite company presented a button to new members, 
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as did the Harter Manufacturing Company which also 
provided a register suitably engraved with the name of 
the order. 


Great Northern to Electrify. 


It is reported that the Great Northern is making exten- 
sive plans for the electrification of about 300 miles of 
its main line between Spokane, Wash., and Seattle. The 
power for running the electric locomotives will be sup- 
plied from hydro-electric stations probably located on 
the Chelan river. The problem of furnishing sufficient 
electric power for operating the trains over the heavy 
mountain grades on this section of the Great Northern 
involves the raising of the level of Lake Chelan so as 
to provide a greater head for the power plants and also 
to provide sufficient water storage capacity. Ralph Budd, 
assistant to L. W. Hill, president of the Great Northern, 
has announced that the company is working on the plans 
of the electrification but it does not intend to start work 
on the project immediately as considerable time will be 
required to work out the details. The heavy mountain 
grades and the dense traffic on the 300 mile section of 
the Great Northern west of Spokane are the main rea- 
sons for the decision to electrify. In the opinion of the 
railroad officers, electrification is the only satisfactory 
solution to the problem. 


Status of Electric Operation on the New Haven 


Some information regarding proposed new equipment 
on the electrified zone of the New York, New Haven & 
Hartford was given out at an investigation of the passen- 
ger train service of that road, held by the Massachusetts 
Public Service Commission at Boston, October 17. 
Howard Elliott, president of the company, stated that 
specifications are now being drawn up for 60 additional 
electric locomotives for passenger, freight and switching 
service between New York and New Haven. He said 
that until the road was in better financial condition, noth- 
ing would be done in the direction of electrification at 
Boston, also that the company is not considering the 
extension of electric service beyond New Haven. A. R. 
Whaley, vice-president, said that the New Haven would 
require 70 additional electric locomotives to handle the 
entire traffic, passenger and freight, electrically, through- 
out the electrified zone between New York and New 
Haven. At present only partial electrical service is 
carried on between Stamford, Conn., and New Haven. 
The company has now about 100 electric locomotives. 

According to Mr. Elliott, electric locomotives cost at 
least $50,000 each. The cost of steam locomotives has 
risen from $28,000 to $42,000 in the past three years. 
The company can not yet say when it will have 100 per 
cent electrical operation in the New York-New Haven 
zone. 
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Personals 


Louis Sears has been appointed manager of railway 
sales of the Willard Storage Battery Company, succeed- 
ing the late W. E. Ballantine, whose death was an- 
nounced in the January issue of the Railway Electrical 
Engineer. Mr. Sears has been with the Willard Stor- 
age Battery Company since April, 1908, remaining at 
the factory until January, 1910, at which time he went to 
the Chicago office where he remained until October, 1913. 
He was in the Cleveland office October, 1913, to March, 
1915, and from March, 1915, to August, 1916, he was 
located in the New York office. Mr. Sears was trans- 
ferred to the Cleveland office and appointed manager of 
railway sales on August 1, 1916. 


G, E. GotptHwait has been appointed associate editor 
of the Railway Electrical Engineer. Mr. Goldthwait 
was born in 1889 at Marion, Ind., where he attended 
grade and high school. 
He then entered Pur- 
due University and 
was graduated in 1911 
from the school of 
Electrical Engineer- 
ing. After working 
a short time on some 
special ‘tests. for =the 
Commonwealth  Edi- 
son Company of Chi- 
cago, he entered the 
employ of the West- 
inghouse Electric & 
Manufacturing Com- 
pany on its graduate 
student course, spe- 
cializing in shop and 
test work on railway 
apparatus. He left the Westinghouse company in No- 
vember, 1912, to go with the Pittsburgh Railways Com- 
pany, where he was load despatcher and assistant to the 
electrical engineer. When the Norfolk & Western was 
equipping its Elkhorn grade for electrical operation, Mr. 
Goldthwait took advantage of an opportunity to get into 
railroad electrification work and entered the employ of 
Gibbs and Hull on construction work in October, 1914. 
He was later transferred to the Norfolk & Western as 
power director at the Bluestone power station when the 
railway company started to operate its electrified section 
early in 1915. He remained with the Norfolk & Western 
in this capacity until June 30, 1916, after which he went 
with the Standard Steel Works Company, at Burnham, 
Pa., in connection with electrical construction work. He 
left Burnham on November 1, 1916, to accept his pres- 
ent position with the RatLway ELEcTRICAL ENGINEER. 


G. E. Goldthwait 


Wittiam Warp HiIncuHeEr, Chicago manager of Albert 
& J. M. Anderson Manufacturing Company, with Mrs. 
Hincher was instantly killed in an automobile accident on 
October 18, near Shelby, Ind. Mr. and Mrs. Hincher 
had left Chicago early that morning and were en route 
to the convention of the Jovian Order at Indianapolis 
when the tragedy occurred. The news of the accident 
came as a great shock to his many friends who were 
already in Indianapolis and also to those in Chicago and 
elsewhere where he is highly esteemed. Mr.. Hincher 
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was born on July 18, 1876, at Burr Oak, Mich., and for a 
number of years resided in Muskegon and Sturgis, Mich., 
respectively. He moved to Chicago on December 26, 
1898, and at that time married Miss Marie I. Kirlin. Mr. 
Hincher became connected with the Chicago City Rail- 
way Company on his arrival in Chicago and at the same 
time attended night school at Lewis Institute. Later he 
accepted a position with the Anderson company and re- 
mained as its representative until the time of his death. 
Mr. Hincher was active in many clubs and organizations 
in Chicago and of national character, and was high in 
Masonic circles. 


C. L. Lane, who has been secretary of the U. S. Light 
& Heat Corporation, Niagara Falls, N. Y., has been 
clected vice-president of this company at a recent meeting 
of the Board of Directors. 


Railway Structures 


The St. Louis & San Francisco has commenced the 
erection of a one-story- brick and concrete roundhouse 
at Chouteau avenue, St. Louis, Mo. The building will 
cost about $25,000, and the contract was awarded to 
James Stewart & Co., St. Louis. 


The Atchison, Topeka & Santa Fe has awarded a con- 
tract to the Roberts & Schaefer Company, Chicago, for 
building a 400-ton, four-track, automatic electric coaling 
plant, using the duplex shallow pit loader, at the new 
terminal at Las Vegas, N. M. Contract price, $22,000. 


The Kansas City Terminal, of Kansas City, Kan., will 
make terminal improvements at an approximate total cost 
of $4,000,000. The project includes the erection of two 
$100,000 passenger stations, two freight stations and a 
long double-track steel viaduct. About five miles of new 
track will be laid. The work will involve the use of 
17,000 tons of steel and 40,000 cu. yd. of masonry. 


Trade Pulolications 


Pole Sleeves——Drew Electric & Manufacturing Com- 
pany, Indianapolis, Ind., has issued a circular describing 
and giving directions for installation of their protective 
and reclaiming pole sleeves which have found extensive 
application in protecting steel poles from corrosion at 
the ground line. 


Lighting Fixtures—The Central Electric Company 
of Chicago manufactures a complete line of fixtures and 
reflectors for industrial lighting known as Maxolites for 
use in shops, freight sheds, warehouses, yards, etc. 
Maxolites are described in Bulletin No. 60, issued by this 
company. 


Electric Machine Tools—The Hisey-Wolf Machine 
Company, Cincinnati, Ohio, has for distribution a new 
set of bulletins describing Hisey portable electric ma- 
chine tools. These bulletins supersede previous publica- 
tions on the same subject. 


Some Graphical Solutions of Electric Railzvay Prob- 
lems is the title of bulletin No. 90, issued by the 
Engineering Experiment Station of the University of 
Illinois. The booklet presents an extended discus- 
sion of motor characteristics and speed-time curves. 
A. M. Buck is the author. 
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The Situation at Washington 


President Wilson in his message to Congress insists 
that action be taken looking toward the enlargement of 
the Interstate Commerce Commission; that provision 
should be made to prevent strikes or lockouts until arbi- 
tration had been resorted to; and also that the chief 
executive should have the power, in case of military neces- 
sity, to take control of the railroads and rolling stock or 
such portions of them as might be necessary, for military 
purposes. 

Meanwhile a test case as to the constitutionality of the 
Adamson eight-hour law has been rushed to the Supreme 
Court. It will not hear the arguments until after the 
first of the year, and by agreement between the railroads 
and government representatives, the law will not be en- 
forced until a decision is handed down. 

In addition to all this, the Newlands or Congressional 
Joint Committee on Interstate Commerce opened hearings 
on November 20 with a view to investigating the entire 
problem of railway and public utility regulation. Briefly, 
the railroads are in favor of a fair and stable system of 
regulation and to secure it they advocate that the entire 
power and duty of regulation should be placed in the 
hands of the national government, except for local or 
incidental questions that can be more easily handled by 
state authorities. An enlargement of the Interstate Com- 
merce Commission is recommended, as well as the crea- 
tion of a new federal railroad commission and regional 
commissions in order that prompt attention may be given 
to all questions which may arise in connection with rail- 
road rates and regulation. This would make it possible 
for the commission to confine the suspension of rates to 
60 days from the time the tariffs are filed instead of 10 
months-.as at present. The federal incorporation of rail- 
ways is also advocated, as well as giving the federal 
government exclusive power to supervise the issuance of 
securities by interstate carriers. 

With all of the above mentioned agencies at work upon 
the railroad problem the next few months promise to be 
critical ones in the history of railroading. 


Swiss Railway Electrification 


The electrification of 67 miles of the St. Gothard line 
of the Swiss State Railways, now in progress, is the first 
step in a project ultimately to operate all the federal- 
owned lines in that country, aggregating nearly 2,000 
miles, by electric power. The single-phase a. c. system, 
as is now operating on the Lotschberg line, is to be used 
on this and future electrifications, the commission in 
charge having decided that it is the only system worthy 
of serious consideration for a project of such magnitude. 
While all the usual benefits are expected to accrue from 
the improvement, the principal item is the economy of 
utilizing the immense water power resources of the Alps, 
thereby making the railroads independent of expensive 
imported fuel, there being no coal mined in Switzerland. 

The development should be watched with interest by 
American engineers, as there will be no doubt many 
lessons to be learned applying to similar work in this 
country. European and American railroad practices 
differ widely in many respects, though probably the only 
essential wide difference is in the limitation in power and 
weight of locomotives imposed by European conditions. 
There has apparently been however very little inter- 
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change of ideas or inventive co-operation between the 
engineers of the Old and New Worlds, and this con- 
dition does not reflect much credit on either. The de- 
cision to use single-phase in ‘Sweden, Germany and 
Switzerland, to the rigid exclusion of other methods, 
ignores completely the successful development and ap- 
plication of high-voltage d. c. in this country; and in 
some American circles the importance of the decision of 
European engineers is equally unheeded. The “Battle 
of the Systems” has been going on for about ten years, 
and with the limit of development of neither in sight, 
we are as tar from ay decision as at the starts, since 
both a. c. and d. c. have been applied with great success 
to all forms of electrification problems, a choice must be 
based largely on an opinion of what the future holds. 


Arc Welding for Steam Railroad 
Repair Shops 


Although are welding as an agent for repair work is 
a comparatively recent development, it has already fully 
justified its existence in the steam railroad field, and the 
next few years will see a far greater extension of this 
class of work than has yet taken place. 

The rapidly increasing use of electric arc welding 
equipment in the steam railroad field makes it well worth 
the while of every one interested in the electrical depart- 
ment of the steam railroads to become thoroughly famil- 
iar not only with the process itself, but with the various 
types of equipment which are on the market. There can 
usually be found installations of arc welding equipment 
at some point nearby, giving opportunity for obtaining 
first hand information. 

One of the chief reasons for the rapid advancement of 
the arc welding process has been its great adaptability 
to all classes of repairs. For example, widely differing 
classes of work, such as welding a broken locomotive 
frame, reclaiming a worn coupler or repairing a flat wheel, 
can be done with equal facility and economy. So broad 
is the field of this process that there is hardly a piece of 
wrought iron or steel used in locomotive or car construc- 
tion that cannot be repaired or reclaimed more econom- 
ically by arc welding than by other means, provided 
its repair or reclamation is at all practicable. 

Although the argument usually advanced in favor of 
electric arc welding, as compared with other methods of 
repair, is that of economy, there are other considerations 
fully as important which merit careful consideration. For 
example, in work such as welding of flues to back flue 
sheets in locomotive fireboxes it has been found that the 
electric arc is the only welding process which will give 
satisfactory results. This has been adopted as standard 
practice by a number of the railroad systems of the coun- 
try and, although some troubles have been encountered, 
these troubles have been usually traceable to defective 
methods of application rather than to the process itself. 

Another factor meriting careful consideration is that of 
economy of time. An analysis of data available has 
shown that the gross earning power of a steam locomotive 
will average about one hundred dollars per day, and it is, 
therefore, obvious that anything that can be done to 
shorten the length of time required to put a locomotive 
through the shops is of tremendous value. This is espe- 
cially true under business conditions as they exist in this 
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country today, where maximum transportation capacity 
is a universal demand. 

One of the best examples of economy of time is in the 
repairing of flat wheels, mentioned in an article appear- 
ing in another part of this issue. A locomotive driving 
wheel with a flat spot can be repaired by welding, by 
simply building on metal at the flat spot, then filing down 
to shape by the use of a template. The locomotive can 
be put back in service in a few hours at a purely nomi- 
nal expense. If welding were not used it would be neces- 
sary to unwheel the locomotive and turn the entire set 
of driving wheels, thereby shortening the life of the tires 
by about 10,000 miles and keeping the locomotive out of 
service for at least three or four days. When, in addition 
to the actual expense in making the repair by the old 
method, the indirect expense in loss of earning capacity 
is considered, the true value of welding equipment is 
obvious. 

_ Where arc welding equipment is being first used, it 
should be remembered that it is unfair to the operator or ~ 
to the equipment to expect 100 per cent results on all 
classes of work before the operator has gained the neces- 
sarv experience. It would not be expected that a farm- 
hand could be turned into a competent blacksmith by in- 
struction covering a week or ten days, yet this, and more, 
is often expected in the case of arc welding operators. 
It is nearly always desirable to train welders from the 
ranks of shop crafts. For instance, for general locomo- 
tive repair work it is wise to take, as raw material for 
welders, men who have had previous experience as boil- 
ermakers or blacksmiths, as their knowledge will stand 
them in good stead in their new work. These men then 
should be given careful instruction under the su- 
pervision of a competent demonstrator from the manu- 
facturer of the equipment or under that of an instructor 
from the shop welding corps. They should also be fol- 
lowed closely at all times to see that they are going 
through the correct procedure and using right methods, 
as in no process has the personal element greater weight. 


Klectric Traction Calculations 


There are many refinements in engineering work made 
possible when electric traction is substituted for steam. 
One of the most notable of these is the ability to calculate 
accurately, from nothing but design data, the speed, ac- 
celeration, power required and size of equipment neces- 
sary to handle a given service. The most important 
factor in such calculations is the characteristic curve of 
the railway motor, which is used to develop a speed time 
curve for the determination of schedules, etc. The 
method used is the same throughout the range of electric 
traction, whether it be for a street car on city tracks or 
a high speed passenger train pulled by an electric loco- 
motive. 

Such calculation methods are standardized to some 
extent ; however, they are not matters of general infor- 
mation even among electrical engineers. It is therefore 
particularly appropriate that we have found the oppor- 
tunity of presenting information on this subject in a 
series of articles on electric traction calculations, begin- 
ning in this issue. In view of the number of electrifica- 
tion projects now under discussion, it is important that 
railway electrical engineers keep themselves well in- 
formed on the technical aspects of the subject. 
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in operation, at the Deering crossing of the north 
branch of the Chicago river, a three-track Strauss 
trunnion bascule bridge. The clear width of channel at 
this point is 145 feet, but the bridge, being built on a 
skew of 17 degrees, is 180 feet long. There were 


Tin Chicago & North Western has recently placed 
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2,441,246 lb. of steel used in its construction exclusive 
of the counterweight, which weighs 2,359,825 lb. ; weight 
of moving span, 1,309,000 lb. The bridge is normally 
operated by electric motors, but a gasoline engine is 
available for emergency service: 


Electrical Equipment 


Power for regular operation of the bridge is purchased 
from the Commonwealth Edison Co. The service trans- 
formers, installed by the power company, consist of three 
50 kw. each, single phase, 3,300 to 440 volts. From the 
low tension side of the transformers the current is 
brought directly to fuses on the switchboard in the 
operating room. The max-meters and wattmeters are 
mounted on the same panel with the main fuses. The 
distributing panel adjoins the service panel and contains 
distributing switches, ammeter, voltmeter and indicating 
wattmeter. 

The two main motors are each 150 h. p., 440 volt 
three phase, 60 cycle Westinghouse wound-rotor type. 
Each motor is equipped with a substantial solenoid brake 
adjusted for braking equal to the normal running torque 
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of the motors. The motor operating the lock on the 
front end of the bridge is a 5 h. p. high resistance squirrel 
cage type. 

Cutler-Hammer magnet type control is used, consist- 
ing of four reversing and five accelerating contractors 
for each main motor. Both lock motor and main lifting 
motors are controlled through limit switches at the ends 
of their respective travels. The main line contactors 
for the lifting motors are tripped out when the moving 
span is within 15 degrees of the fully closed position; 
to close it the remaining distance a foot switch is pro- 
vided for releasing the brakes and a push switch for 
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short-circuiting the limit switch and thus closing the 


contactors. The motors may then be started by the 
master controller. 
The master controller is interlocked with the lock 


motor in such a way that neither lock nor main motors 
can be operated out of proper sequence. The operation 
of the lock and main motors is in turn interlocked with 
the signa] machine. To open the bridge, all track warn- 
ing signals must be set to “Danger” before motor con- 
trollers can be released. 

Under normal conditions, the bridge requires 450 
amperes to start, dropping to 250 amperes running cur- 
rent. The time required for a complete opening is one 
and one-half minutes. 


Auxiliary Power 


Probably the most unusual feature of the installation 
is the provision for emergency power. The bridge is 
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normally operated by the electric motors, but government “Clear” when the wig-wag is operating. 


engineers require two independent sources of power to 
insure continuity of service over a navigable stream of 
such importance as this one. The reliability of central 
station service, however, is such that the installation of 
an expensive power plant is not justified. 

A four-cylinder automobile engine, inade by the Wis- 
consin Motor Manufacturing Co., is used for the purpose, 
connected to the machinery by a slip gear and friction 
clutch. It has 434 by 5% inch cylinders, 45 h. p. rating. 
and is controlled by a governor set to allow a maximum 
speed of 1,200 r. p.m. The engine is light, well balanced, 
easily started and regulated, being handled very much 
the same as an automobile. The operator starts the 
engine by cranking, goes over to the clutch wheel where 
are located the throttle and spark levers, throws in the 
clutch gradually when the engine is up to speed, at the 
same time opening the throttle to admit more gasoline. 
On a test of the auxiliary power, the slip gear for the 
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engine was thrown in mesh with the main machinery 
drive, the engine started, and the bridge raised to an 
angle of 45 degrees, all in ten minutes. 


Signals 


The system of warning and indicating signals on this 
bridge is most complete. In addition to the usual channel 
warning lights required by the goevrnment, a wig-wag 
warning to river traffic has been introduced as a signal 
to vessels in event of a failure of bridge motive power. 
The wig-wags are located in the center of the bridge 
on the lower chord where they can easily be seen from 
the river; they are controlled by snap switches in the 
controller stand. Directly in front of this stand is a 
signal box with a lamp and semaphore to each wig-wag 
motor. The lamp burns and the semaphore goes to 


EE ECTRICALRS ENGMVEER 


Vole 7 Now LY 


In the event 
of failure the semaphore goes to ‘‘Danger’’ and the lamp 
is extinguished. 

Air at 100 lb. pressure is supplied to the strut brake 
and warning whistle, from two 25 cubic foot storage tanks 
suspended from the ceiling of the operating house. A 
General Electric motor driven air compressor, 25 cubic 
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feet capacity, pumps air into the tanks, controlled by an 
automatic governor. 

The operating machinery is on the fixed part of the 
bridge, located in a machinery room above the tracks. 
The room contains gearing, motors, engine, air and 
water tanks, switchboard, controllers, interlocking stand 
and all other operating devices. 

The bridge, designed by the Strauss Bascule Bridge 
Co., was installed under the direction of W. H. Finley, 
chief engineer, H. M. Spahr, assistant engineer directly 
supervising the work. The foundations were installed 
by the Great Lakes Dredge & Dock Co., which also re- 
moved the old swing span. The bridge was fabricated 
by the American Bridge Co., and erected by the Kelly- 
Atkinson Construction Co. 

C. H. Norwood of Chicago furnished and _ installed 
all air and electrical equipment and the auxiliary gas 
engine drive. Mr. Norwood supplied the information 
and photographs used in this article. 


RUBBER INSULATION OF WrrRE.—Numerous tests have 
been made by the United States Bureau of Standards in 
connection with an investigation to determine the effect 
of dry heat on the physical properties of the rubber insu- 
lation of wire. This work is being carried out in colla- 
boration with the testing department of the Pennsylvania 
Railroad and other laboratories identified with the Amer- 
ican Society for Testing Materials, the object being to 
develop an accelerated test for insulated wire that will 
indicate the probable life of the wire insulation under 
normal service conditions. 


Usefulness Just Beginning to Be Appreciated 


BY GORDON FOX 


Welding a Breken Locomotive SidesFrame by the Metal Electrode Process 


LECTRIC are welding is a form of autogenous 
E- welding, which may be defined as a welding process 
in which the metals are raised to such a tempera- 

ture that they will fuse together without the application 
of pressure. The principle forms of autogenous welding 
are oxy-acetylene welding and arc welding. There is 
nothing mysterious about the use of electricity for weld- 
ing, as its function is simply to produce heat, that being 
the sole reason for its use. In electric arc welding one 
terminal of a source of direct current is connected to the 
piece to be welded, the other terminal being an electrode 
in the hand of the operator. The movable electrode is 
touched to the article, establishing the flow of current. 
The are is drawn by withdrawing the electrode a short 
distance. If this separation is maintained within mod- 
erate limits the are will continue to flow between the 
electrode and the object and the heat of this arc fuses 
the metal at the point of welding. This metal unites with 
that adjacent to it and, upon cooling, forms a solid body. 


The two methods of arc welding in common use are 
the Bernardos or carbon electrode process, and the 
Slavianoff or metallic electrode process. 


Bernardos Method 


In the Benardos method the electrode manipulated 
by the operator is a carbon pencil which varies from /% 
in. to 1% in. in diameter and from 6 in. to 12 in. in 
length. The size of the pencil used is varied to suit the 
nature of the work. Special pencils for arc welding may 
be secured from carbon manufacturers, they being pref- 
erably of graphitic carbon which has high thermal and 
electrical conductivities. The carbons should be uncored. 
Long pencils are generally clamped near the working end 


in order to shorten the current path and reduce the in- 
ternal resistance; as they wear away the clamping posi- 
tion is changed. The pencil should be ground to a point 
and should be maintained fairly sharp in order that the 
position of the are may be controlled.. With round ends 
the arc has a tendency to travel, especially if there be any 
movement of air. The carbon is clamped in a light 
weight, insulated holder having a shield in front of the 
handle to protect the operator from the excessive heat. 

The arc welding process involves the heating of the 
object to the proper degree, followed by the feed- 
ing in of molten metal of proper characteristics to join 
the parts, to fill the holes or to build up the surface, as 
desired. This filling material is usually introduced by 
melting the so-called filler rod under the are. For 
wrought iron or steel, various filling materials ordinarily 
Norway and Swedish iron may be used. Bits of steel 
castings, boiler iron or scrap are sometimes used in place 
of filler rods. For cast iron, either of the above rods may 
be used or iron wire or special cast iron filler rods 
high in silicon may be best suited. A high percentage 
of silicon in the filler rod tends to give soft metal at the 
weld. The filler bar should be % in. to % in. in diameter, 
depending upon the nature of the work. Rods of % in. 
diameter are good for average jobs, and those about 
3 ft. in length are as long as can be conveniently manipu- 
lated. Short rods and small bits are harder to use since 
they cannot be readily seen by the operator. 


Use of Flux 
The use of a flux is somewhat optional. The purpose 
of a flux is to protect the surfaces from oxidation, and 
some welders are emphatic believers in it, while others 
see no benefit from its use. Practice is not standardized 
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in this respect. It is hardly necessary to use a flux when 
welding wrought iron or steel, but when welding cast 
iron the use of a flux may be generally recommended. 
Borax makes a good flux to which may be added about 
20 per cent of red iron oxide. Many commercial fluxes 
are obtainable, and all may be used either dry or wet. 
The most satisfactory results are obtained by mixing the 
flux into a paste, using water, and coating the filler rods 
with this paste. Filler rods may be purchased in this 
form also. As such rods melt the flux is introduced auto- 
matically. as 


Preheating and Annealing 


The arc welder who has any large volume of work to 
perform, particularly upon cast iron, should be provided 
with a suitable preheating and annealing furnace which 
may be heated by oil, gas or charcoal. Its use is almost 
imperative for many jobs on cast iron. Aside from the 
furnace, some fire bricks, fire clay and asbestos for mold- 
ing and damming, a wire brush for removing scale:and a 
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Fig. 1—Diagram Showing Use of a Water Barrel Resistance When 
Welding with Voltages Above 110 Volts 


machine hammer for peining the new metal complete 
the list of equipmént required. 


Current Used 


The electric power must always be direct current. 
For carbon electrode work, about 35 to 50 volts is re- 
quired across the arc, the exact amount varying with 
different classes of work and different are lengths used 
by the operator. It must be possible to short circuit 
the arc without causing too severe a rush of current in 
the feeder circuit. In the Benardos process the current 
required depends upon the nature of the work, amount- 
ing to about 300 to 400 amperes for average service. 
Thus about 15 to 20 kw. of heat is liberated at the are for 
heating the metal. 


Use of Resistance 


If power is taken from 110 volt or 220 volt or even 550 
volt power lines, resistance may be inserted in series with 
the arc to reduce the voltage to the desired value. This 
resistance serves a double purpose in that it cuts down 
the arc voltage and, at the same time, prevents a heavy 
short circuit current when the electrode is held in con- 
tact with the object previous to drawing the arc. 
Water barrels or rheostats may be used for this purpose, 
as shown in Fig. 1. Grid resistances are superior to 
water barrels in that they are more portable and may be 
worked hard without giving trouble such as is experi- 
enced due to boiling over of water rheostats. For the 
occasional job, however, the water rheostat is as satis- 
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factory as the expensive motor generator set, except that 
with its use the cost for current is greater. The wiring 
diagram in Fig. 2 shows the connections of a welding 
outfit using grid resistances. 


Motor Generator Sets 


If alternating current alone is available, a motor gen- 
erator set is a necessity. Such a set is also of value where 
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Fig. 2—Diagram Showing the Connections for a Welding Outfit 
Using Grid Resistances Instead of a Water Barrel 


the direct current is at 115 volts or higher and where a 
considerable volume of work is handled, as there is con- 
siderable power lost in reducing the voltage from 230 to 
50 volts by resistance. The purpose of a motor generator 
set is to transform the available power and deliver it in 
the form best suited for the welding. In a straight 
direct current set the only object is to save power. The 
justification of the investment depends upon the amount 
of welding work done, the character of the work, the 
voltage of the supply and the cost of power. 


Constant Voltage 


Two distinct types of motor generator sets are avail- 
able for arc welding, different manufacturers champion- 
ing different systems. In one type the current is de- 
livered at an approximately constant pressure of 60 volts 
and an adjustable resistance is used in series with the 
arc to vary the arc voltage to suit the work in hand. 
The connections for the generator of such a set are 
shown in Fig. 2. This type of generator is particularly 
adapted for installations where several welders will 
work simultaneously. Under such conditions each 
welder adjusts his arc by means of an individual resist- 
ance bank on a small panel furnished for each outlet. 
Several welders may draw power from the same motor 
generator set, yet be entirely independent of each other 
This type of machine does not eliminate all the resistance 
losses, inasmuch as the reduction from 60 volts to arc 
voltage is represented by resistance loss. The commer- 
cial sets of this type are normally capable of handling a 
single large carbon arc or several smaller metallic arcs 
simultaneously. 


Constant Current 


The second type of motor generator set is a so-called 
constant current or variable voltage equipment. In this 
system the generator delivers a variable voltage, main- 
taining an approximately constant current flow. For in- 
stance, when the electrode touches the object in 


December, 1916 
striking the arc, the voltage is nearly zero, and as the 
electrode is drawn away, the voltage increases with the 
lengthening of the arc. A machine of this type delivers 
automatically the desired voltage to maintain an arc of 
desired intensity. It is therefore effective in affording 
constancy and uniformity of the arc and, inasmuch as no 
ballast resistance is required, this system is more efficient 
than the previous one. Sets of this type are commonly 
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Fig. 3—Curves Showing How the Power Consumed in a Carbon 


Arc Is Apportioned Between the Positive and Negative Electrodes” 


built of proper size to handle a single metallic arc. Ob- 
viously, such a set can feed but a single arc since, with 
more than one outlet, the requirements of two welders 
would interfere. When carbon arc welding is to be done, 
two or more sets are paralleled to supply the required 
capacity. 


Polarity of Working Electrode 


In the Benardos process it is necessary that the piece 
to be welded be connected to the positive side of the sys- 
tem, the manipulated carbon being the negative side. In 
a direct current arc the greatest energy absorption, there- 
fore the highest temperature, occurs at the positive elec- 
trode. This may be explained by the theory that the 
metallic vapor in the immediate vicinity of the positive 
electrode is of higher resistance than that near the nega- 
tive electrode, which is well illustrated by the curves in 
Fig. 3 showing how the power consumed in a carbon arc 
is apportioned between the positive and negative elec- 
trodes. When the metal to be welded is made the posi- 
tive electrode, melting should be more rapid, since the 
greatest heat is developed at the metallic surface. As 
iron and steel are more readily vaporized than carbon, 
with the metal the positive terminal, a greater quantity 
of metallic vapor is carried into the arc. This vapor has 
greater conductivity than carbon vapor and maintains 
the arc more steadily. Also, if the carbon were the posi- 
tive terminal, the arc stream would carry carbon particles 
and vapor into the weld, making the metal hard and 
brittle. 


Welding with the Carbon Arc 


In making a weld with the carbon arc, the piece to be 
welded is laid upon the metallic welding table in such a 
way that a good contact is secured. The point of welding 
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should preferably be on top, as it is much more difficult 
to weld upon the side of an article than upon its top sur- 
face. Welding upon the under side of pieces cannot be 
accomplished by the Benardos method and can be done 
only after much practice with the Slavianoff method. 
If a large piece is to be welded it may be more convenient 
to simply clamp the positive lead to it at some point. 

Preparation of work for welding by the carbon arc 
consists mainly in thoroughly cleaning the surfaces to be 
welded. In most cases this can be done by turning the 
work edgewise or inclining it and then going over the 
surface with the arc and melting off all surface impurities 
which will run off by gravity thus leaving clean metal. 
The same procedure can be followed where two pieces 
are to be joined, the arc being used to melt the edges of 
the sections to be joined so as to provide a V-shaped 
groove at their junction, thereby insuring that the entire 
joint is filled with perfect metal. Where thick sections 
are to be joined, it will often be found advisable to cut a 
groove from both sides to the center of the section. In 
any event it is essential that the groove extend entirely 
through the junction. 

At the beginning of the work the arc must reach the 
bottom of the groove and liquefy that point first. It is im- 
possible to reach the bottom of a narrow groove since the 
arc will jump to the sides. A double angle of about 90 
deg. is therefore necessary. If*a:crack is to be repaired, 
it should first be recessed either by using the arc as just 
outlined or by chipping a V-shaped groove in it. When 
two pieces are to be welded together they must be first 

alined and clamped together or to a third piece. If a 
one-sided heat is to occur, some allowance must’ be made 
for unequal contraction. This part of the work calls for 
experience. If it is desired to build up new metal to any 
height, a mold must be made to retain the molten material 
which may be made of asbestos or fire clay. 

The arc used should be one to two inches long, de- 
pending on the size of the electrode and nature of the 
work. It is well to use an ammeter to observe what cur- 
rent is most effective for different kinds of work. 
The arc is moved with a rotary motion from one side 
of the piece to the other in order to distribute the heating 
uniformly over the zone to be welded. When melting 
temperatures are reached the arc is confined more to the 
center of the groove and the filler rod is brought into 
play to start filling in, care being taken to see that the 
new metal adheres and flows into the metal of the side 
walls. As new metal is added the groove is filled and the 
point of action is moved forward. The arc is kept in 
motion all the time, however, a circular swing being most 
effective. If flux is used for the work and this is not 
supplied in the filler rod it may be shaken into the weld 
from time to time, a can with perforated cover forming a 
convenient means. As soon as the weld is completed the 
electrode is laid aside, the hood removed and the new 
metal giving a thorough peining to make it more dense 
and improve the grain. The work of welding should, if 
possible, be done in one continuous heating in order to 
prevent formation of oxide and for other reasons. A 
heavy piece may be welded from two sides, in which case 
each side would be hammered before turning over. 


Welding with the Metallic Arc 
The metal electrode or Slavianoff process is, in most 
respects, quite similar to the carbon process. Instead 
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of the carbon pencil a smaller metallic pencil is used 
which also forms the filler rod; it melts away and 
enters. or builds upon the object as the welding 
progresses. A lower voltage and shorter arc are 
used for this method. The are is only about % in. to 
3/16 in, long, while the voltage at the arc is about 18 to 
30 volts. The current used will be about 90 to 200 am- 
peres, according to the size of the pencil and the char- 
acter of the work. The pencils are from % in. to % in. 
in diameter and about a foot long. A small, light holder 
is used, being arranged to grip the pencil through a cam 
or other clamping arrangement, so that new pencils may 
be quickly inserted as the old ones are consumed. 
Preparation of work for welding done by the metal 
electrode is in most respects similar to that for carbon 
arc work. For many classes of work, in fact the carbon 
arc can be used to prepare the work for repair by the use 
of the metallic arc. The first essential is that of absolute 
cleanliness of the work, all traces of oil, scale, rust, etc., 
being thoroughly removed before welding is begun. 
Where flues are to be welded to flue sheets, in locomotive 


Fig. 4—Building Up the Worn and Corroded Part of a Locomotive 


Mud Ring by the Metal Electrode Process 
fireboxes, this cleaning can be very satisfactorily done by 
use of a sand blast which, if properly used, leaves the 
flues and sheets in condition for welding without further 
preparation. 

Before attempting to repair work such as cracked fire- 
box sheets, broken frames, etc., it is necessary to provide 
space for the metal to be added, just as is the case with 
the carbon electrode process. Where a crack is to be re- 
paired the sheet should be cut along the line of the crack, 
into a V-groove with an angle of about 90 deg., the sheet 
being cut entirely through and the width at the bottom of 
the groove being approximately 1-16 to 4% in. The cut- 
ting may be done either by a chisel or by first using the 
carbon arc to cut the groove, then using an air chisel 
to clean up the sides and remove all of the melted surface. 

Where welding is to be done in a vertical plane as 
would be the case where vertical cracks are to be repaired 
on firebox side sheets, or the vertical sides of a patch in 
the firebox, the welding should be begun at the bottom of 
the groove. The metal added is then built up on top of 
that previously deposited, and with reasonable care sound 
welds are assured. 

In filling in cracks, welding patches, etc., practice dif- 
fers as to whether to fill the entire groove at one appli- 
cation of the arc or whether to first fill the bottom of the 
groove and later add enough metal to finish the weld in 


RAILWAY. ELECTRICAL ENGIN Ci 


Vol.c/pNe@n 19 


a second course. Either method should give satisfactory 
welds providing proper care is taken by the operator to 
assure a thorough junction between the sheets and the 
new metal. Where welding is done in one course, care 


should be taken to see that all particles of oxide or slag 
are removed from the surface of the preceding course, 


Fig. 5—Appearance of Welded-in Boiler Flues, a Job Always Done | 
with the Metal Electrode 


as well as from the edges of the sheet. This can best be 
done by the use of a stiff wire brush. 

Where long seams are to be welded, as for example, in 
welding in a half-size sheet, practice again differs as to 
the best method of taking care of expansion. Some oper- 
ators prefer to allow for expansion by widening the gap 
between the sheet, this being done by setting the new 
sheet away at a slight angle; the allowance usually made 
by these operators is about % in. to % in. per’ foot of 
iength. ‘Then when weld is begun at one end and work 
is carried on the two edges will gradually draw together, 
due to the contraction in the weld at cooling. Other 
operators prefer to place the two edges in final relation 
to each other, holding them at the proper distance apart 


Fig. 6—A Patch Welded Into the Firebox 


by means of “tacks” at intervals of 12-in. to 18-in. The 
weld is then begun at either end and as it approaches a 
“tack” the tack itself is cut out by use of a chisel and 
solid metal welded in, the tack simply serving the purpose 
of holding the sheets in proper relation until the weld is 
made, When tacking is used, it has often been found ad- 
visable to weld a short space, say six or eight inches, 
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from one end of the seam then go to the other end of 
the seam and weld a like distance, thus keeping heating 
and expansion at a minimum. 


In any event, troubles from expansion will be found 


at a minimum where the metal electrode arc is used as 


Fig. 7—A Patch Welded Into the Crown Sheet 

while the heat at the weld is very intense it is also verv 
concentrated so that the total heat tending to expand the 
metal surrounding the weld is a minimum. 


Polarity of the Object 


The object is commonly made the positive ter- 
minal, as in the Benardos method, although it is possible 
to reverse this relation with quite satisfactory results. 
Reversal of the connections causes the metallic pencil to 
become the point of greatest heat so that it melts away 
quite rapidly and may deposit upon the _ object 


Fig. 8—Welding a Crack in an Air Brake Cylinder Support Casting 


when the latter is too cool. Reversal of connections, 
however, may be convenient in some cases, as for in- 
stance, field work in an electric traction system where 
the power is taken from the trolley. Under such condi- 
tions, if the object were made positive, careful in- 
sulating arrangements are necessary. If worn frogs or 
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crossings are to be built up, the object is of necessity 
the negative terminal. 

The process of welding with the metallic electrode is 
much like that using the carbon electrode, but since the 
arc is so short, a steady hand is required to maintain 
it. A little withdrawal of the pencil causes the arc to 
go out, while touching the object piece may cause the 
pencil to adhere. Supporting the arm helps to keep the 
hand steady. The pencil and the point of application 
should both be molten simultaneously and the movement 
of the pencil and length and intensity of the arc must 
be adjusted to obtain this condition, otherwise a good 
weld is not secured. Lengthening the arc slightly in- 
creases the heating at the piece. Inasmuch as metal is 
being constantly melted off and deposited, the pencil 
must be kept in gradual progression to prevent piling up 
of the metal in one spot. It requires considerable prac- 
tice to obtain the right heat and right deposit simul- 
taneously. A weld made by the metal electrode process 
does not usually require hammering as the grain is found 


Fig. 9—Building Up a Mud Ring While 
Applying a Patch to the Inside of the Firebox 


in Place Preparatory to 


to be closer and better than when the carbon electrode 
is used, but a little hammering does no harm, if done 
while weld is still at red heat. 


Allowing for Expansion 


The process of melting and filling in the metal does 
not comprise the entire art of welding as properly allow- 
ing for expansion, contraction and warping is a most 1m- 
portant feature. In the case of castings particularly, 
difficulty is sometimes experienced due to cracking while 
the piece is cooling. The crack is most likely to occur 
at the weld, although pieces not infrequently crack at 
an adjacent point. Cracking may be caused by poor 
welding due to dirt or oxide or carbon from too short 
an arc, but it is more likely due to the shrinkage stresses 
incident to cooling. Any piece is larger while hot than 
when cold, consequently if a portion of a casting is hot 
and a portion cold it is easy for great strains to be set up. 
Cast iron will withstand little tensile stress, hence it 
cracks as the stresses incident to shrinkage are of great 
magnitude. To avoid shrinkage stresses is part of the 
art of welding, and considerable study may be given to 
this feature. Shrinkage troubles may be materially re- 
lieved if the casting is brought to a red heat before wel 1- 
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ing; then, after the work is completed, it should be al- 
lowed to cool slowly in the furnace or buried in lime or 
mica dust. Slow cooling is also necessary to secure soft 
metal in cast iron work. If an ordinary casting, when 
poured, is allowed to cool quickly, it becomes chilled iron, 
hard and brittle, likewise the cast metal flowing into a 
weld will become hard if cooled rapidly. It is easy for 
a weld to be chilled quickly as there is heat conducting 
metal all about it which will rapidly absorb its heat; 
hence the desirability of annealing. 


Strength of Welds 


The strength of electric arc welds is usually about 70 
per cent of the strength of the metal, assuming that cast 
steel is being welded. With machine steel the weld 
should be of 80 per cent efficiency. The metal which goes 
into the weld is really in cast form, although its grain 
may be improved by hammering. In many cases the 
strength of the weld is not of prime importance, as when 
filling holes, building up worn surfaces and similar work, 
but if the strength of the weld is important it is often 
possible to make up in quantity of metal what is lacking 
in quality by building on extra metal at the weld and 
over the adjacent section. Metal may be added or built 
on by the are process with impunity and to a nicety. 

Are welding is most effective on wrought iron and 
steel. Welds on cast iron are not always reliable and 
malleable iron cannot be dependably welded by any 
process. 


Benardos v. Slavianoff Process 


Each method of are welding finds its advocates. The 
Benardos process was originally most used, but the 
Slavianoff process is probably more popular at present. 
The Benardos process affords greater heat volume and 
is best suited for heavy work where speed of application 
is desirable, and where the quality and finish of the weld 
are of secondary importance. The Slavianoff process usu- 
ally gives a more reliable weld, gives finer texture to the 
metal, leaves it less porous, can be more neatly executed 
and finished, requires less power and may be easier con- 
trolled. The Benardos process is well suited for filling 
holes in large castings and similar work, but the Slavia- 
noff process is best for building up metal on surfaces 
since the addition of metal is largely automatic and the 
confinement of the heat avoids flowing and run off ten- 
dencies ; in other words the added metal stays where it 
is put. With suitable control provisions, it is possible 
to combine methods, heating the working zone by the 
use of the carbon are and building up the new metal 
with the metal electrode, the procedure depending upon 
the character of the work and the ability to reach the 
molten condition simultaneously upon object and elec- 
trode. 


Field for Arc Welding 


The field for arc welding is extensive and is rapidly 
widening as the usefulness of the process becomes real- 
ized. It is particularly well suited for repair work, as 
it is flexible and adaptable. In the railroad shop arc 
welding is extensively used for welding breaks in 
locomotive and car frames, the work being done with a 
minimum of dismantling. Worn parts are frequently 
built up by the addition of new metal; the illustration 
(Fig. 4) shows a welder building up a worn mud ring 
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using the metal electrode process. Arc welding has been 
successfully used for the building up of flat spots on steel 
driving and car wheels, which avoids the life reduction 
incident to turning down the entire wheel. Welding the 
ends of flues is being recognized as superior to beading 
or expanding. The appearance of a welding job on flues 
is shown in Fig. 5. This work is done with the metal 
electrode. In addition to these specific applications many 
individual jobs of all sorts are subject to advantageous 
handling by this method. 


The Arc vs. Oxy-Acetylene Flame 


In flexibility or character of workmanship the arc 
process is not superior to the oxy-acetylene flame; in fact 
the gas process is more flexible and is considered by some 
workers to be better upon cast iron. For work on brass, 
bronze or aluminum the oxy-acetylene flame has no com- 
petition. The acetylene flame is also somewhat easier to 
handle as glasses alone are required, no hood or screen’ 
being necessary. The main point of superiority of the arc 
method is its economy, as the electric arc produces the 


Fig. 10—Car Parts Which Have Had Their Worn Spots Built Up 
by the Metal Electrode Process 
necessary heat at a much lower cost than does the oxy- 
acetylene flame. In its field the arc also produces results 
as good, if not better than can be obtained with gas, e. g. 
flue welding. To avoid excessive cost, preheating is 
almost always necessary in gas welding, but may often 
be dispensed with in arc welding. The cost of electric 
power for a welding job will only be from 15 to 25 per 
cent of the cost of oxygen and*acetylene for the same job. 
[ We are indebted to W. A. Deems, master mechanic of 
the ‘Staten Island Lines of the Baltimore & Ohio at Clif- 
ton, Staten Island, N. Y., for the photographs shown in 
Figs. 6, 7, 8 and 9 and also the photograph for the fea- 
ture head.—EbirTor. | 
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California Heads List in 
Petroleum = 


The quantity of petroleum marketed in the United 
States during the first half year of 1916 is estimated by 
John D. Northrop of the United States Geological Sur- 
vey at 140,000,000 bbls. His estimate is moderate and 
his apportionment of the output among the major fields 
is as follows: Appalachian, 11,400,000 barrels; Lima- 
Indiana, 1,800,000; Illinois, 7,900,000 ; Kansas and Okla- 
homa, 50,500,000; Northern and Central Texas, 4,200,- 
000; Northwest Louisiana, 6,800,000; Gulf Coast, 11,- 
400,000; Wyoming and Montana, 2,400,000; California, 
43,500,000; miscellaneous (Colorado, Michigan, Mis- 
sour1), 100,000; total, 140,000,000.—Journal of Elec- 
tricity, Power and Gas. % 


Electrical Energy asa 


Dy-Product 


By KE. Wanamaker’ 


HERE has been little written on the subject of 
electrical energy as a by-product, and no doubt 
to many the subject is entirely new. However, 

there are three classes of power plants in which elec- 
tricity is almost always a by-product to a greater or 
lesser degree, depending upon the actual existing con- 
ditions. The first class consists of power plants for fur- 
nishing electricity for power and lighting, pneumatic 
energy, steam for heating and any other form of energy 
that may be required, in industrial plants. The second 
class consists of power plants for furnishing all forms 
of power necessary for large office and mercantile build- 
ings. The third class consists of power plants for fur- 
nishing all forms of power or energy required for rail- 
road shops or railroad terminals. 

We will consider the third class only. It is not the 
intention to go into detail regarding power plants for 
large passenger stations, as they partake more of the 
nature of plants furnishing energy for large office or 
mercantile buildings; it being understood that the same 
general rules will apply to all of the plants included in 
the three classes above mentioned. It is the intention, 
however, to go into detail regarding power plants for 
furnishing energy to railroad shops and terminals. 

Generally speaking, the power plants for such service 
are of the variety known as mixed, by which is meant 
that energy is furnished in several different forms. 
(1) Live steam at high pressure for supplying round 
houses with steam for blowing engines (and until some 
successful form of power driven induced draft system 
is devised, it will be necessary to supply from twenty- 
five to fifty h. p. hrs. in high pressure steam for every 
engine that is fired up), for testing boilers, for operat- 
ing steam hammers, etc. (2)Live steam at high pressure 
required for the development of pneumatic energy. (3) 
Live steam at high pressure required for handling and 
supplying all the water required, and for hydraulic 
energy. (4) Live steam at high pressure required for 
the development of electric current to be used as power 
for driving machinery, lighting, electrolytic plants, elec- 
tric furnaces, electric welding, etc. (5) Live steam at 
high pressure for furnishing heat to all of the various 
buildings, unless the exhaust steam from the engines, 
pumps, compressors and turbines is to be used to supply 
the heat after it has furmished the power ; vacuum pumps 
being employed to secure successful operation. It is by 
the use of this exhaust steam as a heating medium that 
we secure electrical energy as a by-product. Practically 
all plants operating where there are three or more months 
- of winter weather can thus manufacture their electricity 
at a low cost. 

In order to avoid confusion, it will be well to begin 
with the heating value of exhaust steam from the 
prime movers as compared to the heating value of 
live steam from the boilers. By taking the exhaust steam 
from a prime mover and condensing it in a tank contain- 
ing water of known weight and temperature, it can easily 
be ascertained how much heat is available in any desired 
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unit of exhaust steam, say, for example, per 100 Ib. 
In a like manner, live steam can be measured and tested 
for its heating value. 

Actual test shows that the average prime mover re- 
moves only about four per cent of the total heat in the 
steam. With this in mind and assuming that the con- 
densed water in the radiator return pipes contains eight 
per cent of the original total heat that was in the steam 
at boiler pressure, it is evident that 88 per cent of the 
total heat in the steam is still available for heating pur- 
poses after it has gone through the prime mover. A 
theoretical check on these figures may be of interest. As- 
sume that an engine or turbine driving a generator takes 
steam from the boiler at 125 lb. gage pressure and re- 
leases it into the heating system at 5 lb. back pressure. 
Reference to the steam tables shows that the total heat 
in the steam at. lzo.0 bets 1192)2 bt. u., and atio.0, |b, 
1156.2 b. t. u. The heat converted into work in the 
prime mover is, therefore, 1192.2—1156.2 or 36 b. t. u., 
which is only 3.02 per cent of the total heat that was in 
the steam as it came from the boiler. Now assume that 
the exhaust steam is used in a vacuum heating system 
where a vacuum of 11.60 in. of mercury is obtained. 
When going through the radiators of such a heating 
system the steam is condensed and loses all of its heat 
except that in the condensed return water, which, by 
reference to. the Steamptanie, is only 156.2sbateu.eatoa 
11.60 in. vacuum or 13.1 per cent of the total heat in the 
steam. The only heat that is not available for heating 
then is the 3.02 per cent converted into work and the 
13.1 per cent remaining in the return water or a total of 
16.12 per cent. This means that 83.88 per cent of the 
total heat in the steam at boiler pressure is available for 
heating purposes after it has passed through the prime 
mover. Our theoretical conclusion checks closely with 
the figure (88 per cent) given in the first part of the 
paragraph. This example does not consider the loss in 
pressure and heat between boiler and throttle nor other 
small refinements but is sufficiently accurate to show the 
small proportion of the heat in the steam that is used 
in the prime mover and the large proportion that is avail- 
able for heating. The reason for the large amount of 
heat in the low pressure steam for heating purposes is 
that a large portion of the heat is in the form of latent 
heat, which is only liberated during the process of con- 
densation. It is this fact that establishes the value of the 
low pressure exhaust heating system. 

It is possible to say, therefore, that when all of the 
heat in the exhaust steam from prime movers, including 
water of condensation, is used for heating purposes the 
fuel cost of steam engine power may be practically noth- 
ing. This means that the fuel cost for generating electric 
energy with steam engines is negligible if the exhaust 
steam is used for heating so that electrical energy ob- 
tained in this way can justly be considered a by-product. 

It is well to bear in mind that a large number of mixed 
power plants, such as come third in our classification, 
have not been carefully or efficiently managed and oper- 
ated. It is difficult, however, to see why such plants 
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should not be given the same- care and attention as any 
other part of a railroad system, for certainly there is no 
place where it is easier to procure efficient operation, 
provided competent men are employed. We will proceed 
on the assumption that the plants about which we are 
writing have been properly designed and are being 
economically and efficiently operated, as it would require 
much time and space to cover these two points alone. 
It is also necessary to see that the proper accounting 
is made, and it is here that many grievous mistakes are 
made. The writer knows of many plants in which abso- 
lutely no charge was ever made for the steam heat sup- 
plied, the total cost of this heat being added to the ac- 
tual cost of generating electric current. Sometimes still 
other costs are unjustly added to the cost of generating 
the electric energy. The accounting should be arranged 
so that only the fixed charges on that part of the equip- 
ment which is used solely for the generation of electric 
current should be included in the cost. 

Before it is possible to ascertain the cost of producing 
electric current in a mixed plant, it is imperative that the 
amount of steam supplied to the heating system be found 
and a deduction made proportionately. For instance, 
if we know that it costs approximately $0.005 per b. h. p. 
h. for steam, equal to 34% lb. of water or steam per 
hour, and that it requires approximately .015 Ib. of steam 
per cubic foot of space heated per hour, when raising 
the temperature from approximately 24 deg. to 70 deg., 
we deduce that it would take 1.5 ib. of steam for each 
100 cubic feet of space heated per hour. To heat this 
space for 24 hours would require approximately 36 lb. of 
steam which would cost $0.005. It therefore costs $0.005 
a day for each 100 cubic feet of space heated or $.15 
for 30 days. Thus to heat a room 10 ft. x 10 ft. x 10 ft. 
would cost $1.50 for 30 days. Using the cost of $.15 per 
month for heating a space of 100 cubic feet as a unit, 
it can easily be ascertained what it costs on an average 
for heating any building, the cubical contents of which 
are known. 

Different factors for forming the unit cost have to be 
used, basing same on the general type of the building to be 
heated, the average temperature and the cost of produc- 
ing ab.h. p. After the deduction of steam heating cost 
has been made, it will then be necessary to ascertain what 
proportion of the steam is actually required for the gener- 
ation of electric current. For detailed information on 
proper distribution of costs, see the June, 1916, issue of 
the Railway Electrical Engineer, which contains a paper 
on “Method of Cost Keeping for Railroad Shop Power 
Including Various Forms of Energy Required.” 

Going further, take, for example, a plant producing a 
total of 100,000 kilowatt hours per year, 50,000 of which 
are made during the winter months when the electricity 
is practically a by-product due to the use of the steam 
for heating. The cost during the six winter months 
would probably average $0.001 per kilowatt hour, which 
makes a total cost of $50.00 for the 50,000 kilowatt 
hours. For the other six months the unit cost per kilo- 
watt hour would probably be $0.01, so that the cost of 
the other 50,000 kilowatt hours would be $500.00, thus 
making a total cost of $550.00 for the 100,000 kilowatt 
hours, which is an average cost of $0.0055 per kilowatt 
hour for the year for current at the busbar on the switch- 
board in the power plant. 
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In most railroad shop power plants it is necessary at 
night to turn live steam into the heating system which 
makes it possible to carry a large night lighting load 
with practically no expense for current. This also makes 
good yard lighting and interior building lighting pos- 
sible which reduces the insurance rate and increases the 
efficiericy of those who work at night. This is especially 
true if the switching yards are properly lighted, a fact 
that has been almost entirely lost sight of. The writer 
has found the above to exist in every plant with which 
he has been connected. 

In the winter when the heating load is heaviest, the 
demand for electric current is likewise the heaviest, due 
to the increased lighting load. At this time the demand 
for steam heat is larger than the demand for electricity, 
which means that all of the exhaust steam is used for 
heating. 

There is, in the great majority of all railroad shop 
power plants, what is known as a stand-by charge, based 
on the fact that the entire steam plant has to be held in 
readiness at all times with a reserve to meet any demands 
which may be made upon it. Therefore, should the 
electric load be light, as it generally is when the stand- 
by charge is the heaviest, the fuel cost is practically ab- 
sorbed in the stand-by charge. A practical example of 
this was shown on a certain railroad not long ago where 
a small engine and generator supplied all the current 
used at that point. Due to the failure of a motor at a 
larger point, it was found necessary to remove this gene- 
rator to replace the motor. In the meantime current 
was purchased from the local power company. As ac- 
tual results showed the coal consumption was not re- 
reduced, so that the cost of the purchased power was 
simply an additional expense. Needless to say, another 
generator was installed as soon as possible. 

In practically all of the railroad shop power plants, 
it is not necessary to hire additional help where electric 
generating equipment is used; hence, there is practically 
no labor charge. 

It has frequently been said that the smaller plants, such 
as we are considering, are not reliable as regards con- 
tinuity of service. The writer has been making a close 
check of such plants and has found that they are almost 
100 per cent reliable and that the service is practically 
continuous. On the other hand, in five different shops 
where the current has been purchased from large power 
companies, there has been an average of five delays per 
year, each of over two hours duration. These delays 
were due in almost every instance to transmission line 
troubles, the service not being considered of enough im- 
portance to the power company to warrant a duplicate 
line or else the power company was selling the current 
so cheap, in order to get the business, that it did not 
feel justified in spending the money necessary to insure 
the service. 

It is therefore evident that the mixed plants for rail- 
road shops and terminals, properly designed and in- 
stalled and efficiently operated, are capable of making 
current cheaper than it can be purchased, as long as 
electricity can be made during the winter months as a 
by-product; but, whenever the demand for electric ener- 
gy is heavier than the demand for steam heat, it will be 
necessary to make a careful investigation to see whether 
or not this would hold true. 
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Mechanical Design of Electric 
motives 


Cc. Hl. Quereau, Superintendent Electric Equipment, New 
York Central, and C. E. Eveleth, Engineer, Car Equip- 
ment, General Electric Company, Discuss 
A. F. Batchelder’s Recent Paper 


H. Quereau.—In the main, I agree with the 
Ce conclusions which Mr. Batchelder has reached. 
However, it seems to me very unfortunate that 
this paper, as well as others recently presented, is simply 
a general statement of the conclusions of the writer 
rather than a statement of accomplished results. I am 
reminded of the discussions indulged in about ten years 
ago, before any considerable electrification of steam rail- 
roads had been accomplished. These discussions were 
based almost entirely on personal views and _ theories, 
without any demonstrations. At the time of which I 
speak this was necessarily so, but there should now be 
available accurate figures based on actual operation. 
This criticism, in general, is true of all electrification 
papers, probably due largely to what appear to me to be 
mistaken ideas on the part of thuse who have the facts or 
those who have the authority to make them public. That 
Mr. Batchelder appreciates this is shown by the last 
paragraph of his paper. 

In Mr. Batchelder’s paper I would suggest that Item 4 
read: “Convenience of Arrangement as Affecting 
Safety, Efficiency of Operation and Maintenance.” It 
is quite probable that convenience of maintenance was 
in the author’s mind, but it seems to me of sufficient im- 
portance to be mentioned specifically. 

The discussion under the heading ‘Safety of Opera- 
tion,” I must confess that I cannot quite follow, probably 
because I do not clearly understand what was written, 
or have not the information on which the author bases 
his opinion. I have believed that the angular motion 
of a four-wheeled truck was about its inner rear wheel, 
the fact being that when a truck is on a curve the outer 
forward wheel flange and the inner rear wheel flange 
are against the rail, the other two flanges not touching 
the rail. 

The operating advantages gained by having electric 
locomotives designed to operate in either direction are of 
such great importance that means must be found to pro- 
vide satisfactory designs to meet this condition. The 
chief difficulty with present double end locomotives is 
the oscillation of the trailing truck, which Mr. Batchelder 
proposes to prevent by the introduction of resistance 
against swivelling. This scheme is, practical and has 
been so demonstrated, but it results in increased flange 
wear, at least when the center of gravity is low. 

I am particularly interested that the item of “Reli- 
ability in Service” has been given an important place in 
the list of requirements for electric locomotives. This 
is a feature which quite commonly is omitted in a dis- 
cussion of this kind. On railroads which run through 
a sparsely settled country with comparatively few trains 
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per day, a train delay of half an hour may be of compara- 
tively little importance, but in eastern. territories, 
especially around the large cities, a delay of a few 
minutes will upset the smooth operation of the railroad 
for hours and the effect of it reach back on tle line for 
150 miles. It is my opinion that the prevention of such 
delays justifies a considerable increase in first cost, and 
also that such maintenance methods should be employed 
that will prevent, as far as possible, delays to traffic. It 
is decidedly poor policy to reduce maintenance costs if 
by so doing the result is increased traffic delays. 

In my judgment Mr. Batchelder very wisely considers 
the “Cost of Maintenance of Permanent Way” of more 
importance than “Cost of Maintenance of Locomotives.” 
I believe, however, that if the cost of maintenance of 
way is no greater under electric thai: steam operation, it 
would be satisfactory and would not be used as an argu- 
ment against electrification. 

As to the cost of maintenance of electric locomotives : 
The difference in the cost of maintenance at the rate of 
3.5 cents a mile and 7 cents a mile is approximately 
$1,000 per engine per year. This saving, capitalized, 
represents a considerable sum, and would warrant an 
appreciable increase in first cost. The sum mentioned is 
10% of $10,000, or 5% of $20,000. 

With half a dozen different designs of electric locomo- 
tives, no one has had the advantage of experience with 
more than one of these types. Therefore, one’s conclu- 
sions as to other types are based on opinions and théoreti- 
cal considerations rather than actual results as shown by 
service records. So far as I know there have been pub- 
lished very limited data as to service results. If it were 
possible for this society, as a neutral, to obtain statistics 
covering the main points as to results in service, extend- 
ing over several years, and make them public, they would 
be of decided value. 

The New York Central electric locomotives are all 
equipped with bi-polar, gearless motors mounted directly 
on the driving axle. The operating results have been 
completely satisfactory to the officers of every operating 
department affected. This statement, you will note, does 
not include the net financial returns from the investment, 
which must take into account the item of fixed charges. 

With the usual maintenance these locomotives ride 
satisfactorily, do not have any undue effect on the track 
structure, and are perceptibly more comfortable than 
steam locomotives. In order to secure these results it 
is necessary to keep the total lateral motion, both in the 
boxes and center-pins, within limits which approximate 
three-quarters of the allowable lateral motion on steam 
locomotives. 

Table I contains statistics which will permit a per- 
sonal conclusion as to the reliability of these locomotives 
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in service, and which will probably be more satisfactory 
than any general statement or expression of opinion, no 
matter how authoritative: 
TABLE I. 
Train Detentions Dur to Derects In ELectric LocoMoriveEs, 
Miles Per Detention—All Locomotives. 


SS 
Grand Total 


Mechanical 


Year Electrical 

LOV 2 erect 48,271 103,967 32,965 

ie) ae eo c 27,873 86,716 21,093 

NOTA A aserc sere 35,625 57,395 21,981 

TOUS. Saare wists 53,720 _ 107,440 35,813 

Type “S’’ Locomotives (Rigid Frame) 

19 TS emeracwaetors 59,583 187,260 45,201 
Note: All detenticns of two minutes or more in: 

cluded. In 1913 and 1914 there was a total of 16 


Class “I” locomotives placed in service. In 1912 
there were 47 locomotives in service. Since the mid- 
dle of 1914 there have been 63. Detentions due to 
man failures, or delays to following trains, not in- 
cluded. 


In this connection I wish to enter a strong plea for the 
use of “Miles per Detention,’ instead of “Miles per 
Minute Detention,” as the unit in the preparation of 
statistics by which to judge the reliability of equipment 
in service and the efficiency of the organization re- 
sponsible for maintaining it. Including the time element 
leads only to confusion and is, therefore, worse than 
useless. 

TABLE II. 
INSPECTION AND REPAIRS OF ELecrric LOCOMOTIVES. 
Cost, Cents Per Mile. 


; P a ate 
Year Labor Material Total 
TOD Sccereane ocaare 1.888 1.460 3.348 
NOUS: Me cconcnoresre a 1.982 1.454 3.436 
1904 waiter os Lo 2.134 4,289 
WOT Score onme tyets 1.901 1.379 3.280 

Note: The above statistics were compiled in accord- 


ance with the requirements of the Interstate Com- 
merce Commission. In the year 1914 it was necessary 
to replace all driving wheel tires because of un- 
suitable material, regardless of the extent to which 
they had been worn. The costs of maintenance have 
been essentially as above since 1907, omitting 1914. 


In studying Table II, the following facts should be 
borne in mind. These figures include the cost of inspec- 
tion and maintenance of all the electric locomotives, both 
road and switch. In 1912 and 1913 approximately half 
the total engine mileage and in 1914 and 1915 approxi- 
mately one-third was that of engines used in switching 
service. Our experience has shown the cost of main- 
tenance of engines in switching service to be about twice 
that of those used exclusively in road service. It follows 
that the cost of maintaining the road locomotives has been 
about 2.5 cents per mile and that of the switch engines 
about 4.8 cents per mile. In this connection it is only 
fair to call attention to the fact that these engines were 
not designed for switching service. Bearing this in mind, 
they have given remarkable results. 

For the first ten months of 1916 the average cost of 
maintenance of all the electric locomotives has been 
2.73 cents per mile. This gives a cost of approximately 
4 cents per mile for the locomotives in switching service 
and approximately 2 cents per mile for those in road 
service. I expect these costs will not be exceeded for the 
entire year 1916, but very much doubt that we will be 
able permanently to keep the maintenance costs at this 
level. 


C. E. EveEtetTH: When an occasion arises to examine 
critically different designs of electric locomotives there 
is almost always a tendency, due to the individual’s in- 
terest in specific features, to concentrate on particular 
elements and rather superficially consider the locomo- 
tive as a whole, but in Mr. Batchelder’s paper we are 
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fortunate in having a clearly brought out presentation 
of all the essential elements. A number of the elements 
are intimately related to common features of design, par- 
ticularly the subject of “Reliability in Service,” “Service 
Time Factor” and “Cost of Maintenance” of locomotives 
which are all affected directly by the simplicity of parts. 
Disregarding other features, the bipolar type of engine 
with its freedom from all gears, pinions, gear case, and 
motor armature and motor axle bearings has, as regards 
these three related subjects, a decided initial advantage 
over all other designs. It also has an unquestioned 
superiority in mechanical efficiency as shown by the table: 


RELATIVE MECHANICAL EFFICIENCIES 


Motor Design or Mechanical 
Connection to Axle. Efficiency. 
Bipolar “gearless: i, sons. os. a ee ee 100% 
@utlligdnivieleassce. BAIN sw sie aot eo ee 99 
Geared drives (twit seats)).o 1. seen eee 95 
Geared to) jack shatt and= side rods sees 90 
Direct connected jack shaft and side rods.... 87 


The difference in power consumption due simply to 
the difference in the mechanical efficiency, may, when 
capitalized, amount to from one-third to one-half the 
original cost of the engines; in other words, to obtain 
the same overall economic result a material increase in 
investment in an engine of higher mechanical efficiency 
is justified, if such investment is necessary to obtain this 
type of drive. ‘v3 

In conclusion, it appears that considered from the 
mechanical design standpoint, Mr. Batchelder’s. claim 
for superiority of the bipolar gearless design for high 
speed service is founded on the incontrovertible facts that 
this type of engine is: Safe in operation; superior as 
to reliability and availability for service requiring no 
overhaul periods and requiring minimum inspection time; 
it has the lowest cost of maintenance on account of the 
elimination of gears, gear case, jack shaft, pin and motor 
bearings, and its maximum mechanical efficiency insures 
nunimum power consumption. 

With Mr. Batchelder’s suggestion of the use of a truck 
center pin located in a well elevated position, all of the 
advantages of high center of gravity, so far as effect on 
rail displacement is concerned, can be obtained. On the 
other hand, with ordinary leading truck designs, it appears 
that the high center of gravity designs will give a low 
center of gravity effect by the action of the rear truck on 
the track unless the high center pin arrangement sug- 
gested by Mr. Batchelder is adopted on the trucks. These 
remarks, of course, refer to a symmetrically designed 
locomotive intended to run in both directions. 

These features do not seem to have had general recog- 
nition, as they should place the bipolar gearless locomo- 
tive distinctly in a class by itself, and superior on account 
of these features to every other design. It is, therefore, 
to be expected that where a system of electrification will 
lend itself to the use of this type of engine, its application 
will become very general. 


Willing Germs Electrically 


A recently passed federal law requires a system of 
drinking water purification to be used on public carriers. 
An equipment using ultraviolet rays from a mercury 
vacuum light has proved successful for this work and is 
being installed on many of the large lake passenger boats. 
A mercury tube is immersed in a tank or receiver in the 
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water system so that all the water used is at one time or 
another exposed to the ultraviolet rays from the tube. 
Inasmuch as the mercury tubes require 220 volts, direct 
current, and the lake boats have but 115 volts available, 
motor generator sets must be provided to operate on 115 
volts and provide 220 volts for the lamps. The operation 
is automatic; if the tubes burn out or the voltage fails, the 
electrically controlled intake valve of the tank is closed. 
The Western Electric Company recently furnished six 
motor generator sets for use on passenger boats. 


Fire MWlazards of Electric Power 
and Light Wiring” 


This report takes up in brief the principal hazards 
which exist around electric installations used for power 
purposes. The report also deals with what are termed 
the hazards of signaling systems. These, however, are 
dependent only upon the possibility of the signaling sys- 
tems becoming crossed with electric wires or a lightning 
discharge. 

The hazards of electric power, outside wiring installa- 
tions and signaling systems, are more or less related 
to those present with Electric Lighting Installations 
and this report is given as a supplement to Bulletin No. 


7. “Hazards of Electric Lighting Installations.” 


Committee—T. S. Ports, chairman; H. J. Davies, 
S. H.. Lawrence, W. T. WITTER. 


Cause of Hazard. Probable Effect. 


AuTo STARTER, 


Overheating would ignite mate- 


rial, 


Permitting auto starter without 
approved dust-proof case in vicinity 
of inflammable dust. : 

Using a combustible insulated 
wire connection between resistance 
elements and contact devices. 


Overheated resistance may fire 
the combustible insulation. 


GENERATORS, 


Leaking currents likely to cause 
electrolytic corrosion of nearby gas 
pipes or find a path where they 
might cause damage, 


Sparking or burning out of gen- 
erator liable to cause fire. 


Located in wet places. 


Installed where hazardous proc- 
esses are carried on. Near inflam- 
mable gases or flyings. 

Not permanently grounding gen- 
erator frame. 


In case of machine wiring mak- 
ing contact with frame current is 
liable to arc to nearest ground and 
set fire to any combustible. Also 
dangerous to life. 


Not equipping constant potential 
generators, excepting A. C. machines 
and their exciters, with protection 
devices. 


Placing conductors in concealed 
and inaccessible places and using 
improper insulation. 


An accidental short-circuit, across 
the bus-bars or exposed metal parts 
of the main switch on the switch- 
board may burn out armature as 
well as do considerable damage 
where the short circuit occurs. 

Since the wires are unprotected 
between generator and switchboard 
a defect is not readily discovered 
until serious damage has resulted. 


LIGHTNING ARRESTERS. 


Omitting the installation of ar- 
resters on outdoor lines. 


Placed near combustible materials. 


Allowing kinks or sharp bends in 
wires between the arresters and out- 
door lines. 

Running ground wires inside of 
iron pipe or attaching to gas pipes 
in building. 


Lightning discharges entering 
building and doing damage. 

Material liable to be ignited if 
arresters discharge sparks. 

Lightning discharge will have a 
tendency to jump to a more direct 
path to ground. 

Iron pipe will tend to choke the 
lightning discharge. Also gas servy- 
ice may at some time be discon- 
tinued or meter removed for some 
other reason, thereby cutting off the 
ground connection. 


*Abstract of electrical committee report at the third annual meeting of 
the Railway Fire Protection Association, held at Hotel Astor, New York, 


Oct. 3, 4 and 5; 1916. 
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Motors. 


Not permanently grounding base 
frames, 


Neglecting to protect with cut-out 
and switch. 

Installing in vicinity of inflam- 
mable dust flying without proper 
enclosures or under any circum- 
stances in surroundings of inflam- 
mable gases. 

Hot bearings melting babbitt. 


In case of machine wiring mak- 
ing contact with frame, current is 
liable to are to nearest ground and 
set fire to any combustible. Also 
dangerous to life. 


Possible burning out of motor due 
to an overload. 


Ignition of inflammable material 
due to sparking and burn-out. Cer- 
tain types are only subject to burn- 
outs. 


Short circuit when 
drops on pole pieces. 


armature 


RHEOSTATS, 


Installed near inflammables or in 
vicinity of dust or flyings. 

Using a combustible insulated 
wire connection between resistance 
elements and contact devices. 


SIGNALING 


Running wires directly into a 


building without drip loops. 


Not using proper insulating bush- 
ings where wires pass through walls. 


Not installing all systems to elim- 
inate as far as possible crosses with 
electric light or power wires. 

Not grounding protectors or poor 
ground connections. 

Running wires inside iron pipe or 
attaching to gas pipes in building 
or steam or hot water pipes. 


Installing on buildings without 
proper insulators and using wires 
without proper insulation. 

Adjacent to electric 
power wires. 

Omitting fuses and lightning ar- 


light or 


Radiated heat is liable to ignite 
the material. 

Overheated resistance 
the combustible insulation. 


may fire 


SYSTEMS, 
Water is liable to follow wires 
and corrode inside connections, 


making them too weak to withstand 
a stray voltage. 

In case of foreign currents on 
line 


wire insulation is liable to 
break down and fire may ensue. 
Foreign current will probably 
burn out instrument or arc to 


building and cause fire. 

No safe path for lightning or 
sneak current discharge to ground. 

Iron pipe will tend to choke the 
discharge. Gas service may at some 
time be discontinued or meter re- 
moved for some _ other reason, 
thereby cutting off ground connec- 
tion. 

Foreign currents on line are lia- 
ble to are to building material. 


Crosses would probably result. 


Lightning or heavy crossed cur- 


resters near entrance of wires to rent discharges can reach inside 
building. wiring and apparatus and cause 
damage. 
SWITCHBOARDS. 
Placing switchboard near inflam- A flash due to an _ accidental 
mable material. short-circuit across live parts is 


Using combustible boards. 
Omitting the protection of all in- 
struments with fuses. 


most likely to cause a fire. 
Easily ignited by small arcs, 
Trouble is liable to arise from the 
delicate mechanism of the instru- 
ment and a heavy current due to a 
cross would not be disrupted. 


BATTERIES, 


Not insulating the entire battery 
system for the voltage developed. 


Leaking currents or jumping arcs 
would likely ignite any inflammables 
nearby. 


Location in poorly ventilated Making a condition where ex- 
rooms. plosive gases can accumulate. 
TRANSFORMERS, 


Location in places where burning 
out or boiling over of oil could do 
damage. 


Not permanently grounding trans- 
former cases in central or sub-sta- 
tions. 


Not the secondary 


system. 


grounding 


Smoke liable to 
large area and prevent economical 
extinguishment of fire. Burning 
flowing oil communicating to other 
parts of the building. 

If wire insulation breaks down 
on case current is liable to arc to 
nearest ground and set fire to any 
combustibles. Also dangerous to 
life. 

A cross between primary and 
secondary coils would subject the 
entire secondary system to the high 
primary voltage. 


spread over a 


OuTstIpE WIRING. 


Using other than weather-proof 
or rubber insulated wires. 


Wires too close together, too 
close to awnings, signs, shutters, 
guy wires, metal roofs, etc. 

Using knobs, cleats or other than 
petticoat insulators. 


Not grounding cable sheaths at 
intervals. 

Placing high tension lines on 
poles with other wires, too near 


buildings without due consideration 
of the hazard. 


Rapid deterioration of insulation, 
leaving bare wire which affords no 
protection against crosses. 

Rubbing off of insulation, allow- 
ing crosses and grounds, 

Leaking currents and_ possible 
arcing. 

Breakdown in wire insulation 
practically makes cable a bare, live 
wire. 

Danger of getting high voltage 
on low potential wires due to con- 
tact. Retards work of firemen, 
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Care of Electrically Operated 
Turntables 


By J. H. Wickman 


If a turntable is properly installed, leveled and 
balanced, the entire weight is carried on the rollers which 
are a part of the center casting. These rollers should 
be supplied with at least two quarts of high viscosity 
oil every month keeping them a little more than half 
submerged in oil. Keeping these rollers properly oiled 


and in good repair will keep down the amount of power 


required for operating the table. ; 

The track wheels need but little care after being in- 
stalled if the baxes on either side are properly packed 
with oiled waste, which is replenished every two months. 
If the table is kept at the proper height with reference to 
the circular track, the track wheels will be about an 
inch off the track with the table carrying its maximum 
load, or somewhat more than an inch at no load. The 
circular track should be leveled at all points, as an un- 
even track interferes with good operation and increases 
the cost of maintenance. 


Motor Equipment 


The slip ring a. c. motor and the series direct current 
motor have been found the most suitable for operating 
turntables, the principal requisite being a high starting 
torque, which is absolutely necessary for starting a table 
with a heavy engine on it. The motor commonly used 
is the slip ring a. c. type. The controller operates by 
cutting out resistance in the rotor circuit to bring the 
motor up to speed. One type used is the Allen & Brad- 
ley-controller which uses carbon pile resistance which 
is varied by pressure, the motor being accelerated by 
slowly moving the operating handle, compressing the 
carbon piles and. decreasing the resistance. The con- 
troller is so arranged that the handle.is moved to one 
side or the other according to the direction in which it 
is desired to move the table. Other types of controllers 
use grid resistors similar to street car control; either 
type is reliable, however considerable trouble has been 
experienced from broken grids and contact fingers used 
on the latter type. 

Trouble is sometimes caused by an open circuit in 
the rotor. To test for this use two lamps in series 
across each pair of rings with the motor at a standstill; 
when power is thrown on the lamps should all burn, if 
not, it indicates an open circuit between rings. An- 
other source of trouble may be an open circuit in the 
starting resistance. This may be tested for by connect- 
ing lamps in series with each slip ring lead. Before 
making any tests on the rotor circuit of a slip ring 
motor, however, it is always advisable to make sure that 
the supply circuit is all right and no primary fuses are 
blown. One fuse blown on a three-phase circuit will 
prevent starting the motor. 

An 85-ft. turntable, which is long enough to accom- 
modate a Mikado engine, can be operated satisfactorily 
by a 15h. p. motor. Such an equipment should make 
one revolution of the table in 60 or 70 seconds, requiring 
about 250 watt hours per revolution. 


Brakes 


Every turntable that is electrically driven should have 
a brake which is easily operated and has sufficient power 
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to stop the table quickly. The correct place for applying 
braking power has been the subject of many discussions ; 
the early method of applying it to the main driving wheel 
has been found unsatisfactory on account of sand car- 
ried up by the wheel and wearing off the face of the 
brake shoe. The modern method is to apply the brake 
on a separate wheel on the counter-shaft between the 
motor and the main driving wheel; it is then sufficiently 
effective both to overcome motor momentum and to brake 
the track wheel gear sufficiently to slide the wheel if 
desired. 
Emergency Operation 


When the power is off or electrical apparatus out of 
order it 1s necessary to operate the turntable by hand. 
From tests it has been found that the number of men 
required to turn an engine may be reduced. by one-half 
if a few minutes’ time of a machinist is spent in disen- 
gaging the motor pinion from the counter shaft. This 
relieves the men from overcoming the momentum and 
friction of the motor and gears. 


Some ‘“‘Don’ts” 


As the turntable motor is a badly abused piece of 
apparatus, it 1s appropriate to call attention to the fol- 
lowing “Don'ts :” 

Don’t use the motor as a brake for the table by re- 
versing it. 

Don't leave the motor exposed to the weather. 

Don't forget to oil it when the oil is low in the gages, 
with a good light gas engine oil or dynamo oil, not com- 
mon engine or car oil. 

Don’t put in so much that the oil overflows on the 
windings, this is just as bad as not any. 

Don’t try-to turn the table if the rails or the table 
floor are biding on the circular wall, because it over- 
loads the motor and will burn out something or blow a 
fuse. 

Don't think the turntable motor is like a shop motor, 
because it is subjected to starting strains fifty times where 
a.shop motor is once. 

Give the motor due attention, and with fair treatment 
it will do its work. 


American Railway Association 


At the fall session of American Railway Association 
which was held at the Biltmore Hotel, New York city, on 
November 15, the following roads were elected mem- 
bers of the Committee on Electrical Working: Baltimore 
& Ohio; Chicago, Milwaukee & St. Paul. 

The committee on Electrical Working, George Gibbs 
(Long Island), chairman, presented a report recommend- 
ing for adoption an amended diagram of third rail work- 
ing conductor clearances; and a simplified diagram of 
these clearances for the use of car inspectors. In the 
standard now recommended the “designing line” is fixed 
18% in. from the track gage line and 6% in. above the 
top of rail. 

As a result of a study of clearances for overhead 
working conductors, it is recommended that the commit- 
tee on standard freight car equipment consider the ques- 
tion of limiting the height of the brake staff on box cars 
to 15 ft. 3 in. In connection with this subject the com- 
mittee reprints the five diagrams for overhead clear- 
ances adopted by the association in 1914. 


Electric Traction Calculations 


By A. J. 


N the design and operation of a system of electrifica- 
tion for a steam railroad certain fundamental and 
definite problems are encountered by the railroad 

electrical engineer. Trains of various lengths and 
weights must operate over the road around curves and 
up and down grades at speeds determined by the time 
table. The hauling of these trains requires certain sizes 
and types of electric locomotives which must be designed 
and built according to definite specifications. 

Prior to the application of electricity to transportation, 
the capacity of the locomotive was usually determined 
by the cut and try method. Many times a steam loco- 
motive would be purchased and the number of cars it 
could haul would be determined by trial. With the ap- 
plication of electricity a more careful study is made of 
the operating conditions; the grades, curves and speeds 
are considered and, by calculations and graphic methods, 
it is possible accurately to specify the size of locomotive 
or car required to perform the service. 


General Principles Relating to the Operation of Trains 


The capacity and horse-power of the electrical equip- 
ment to perform a given service depends upon the fol- 
lowing: 

1. The profile of the line which shows the grades and 
curves over which the trains must operate. 

2. The weight of train to be operated. 

3. The number of stops and their location. 

4. Schedule speed required. 

It hardly requires mentioning that a line which has 
heavy grades, sharp curves, etc., will require electrical 
equipment of greater capacity than one of very few 
grades. It also is clear that the greater the train weight, 
the greater the capacity required for the same speeds. 

The number of stops and location of these stops deter- 
mine the capacity of the electrical equipment. The 
larger the number of stops for the same schedule speed, 
the greater the capacity required. More time is taken 
up with the greater number of stops and it is necessary 
to operate at higher speeds between the stops, hence re- 
quiring greater horse-power in order to operate at the 
same schedule speed. 

The schedule speed is the distance in miles divided by 
the total time in hours. This must not be confused 
with the average running speed which is the distance in 
miles divided by the actual running time and does not 
include the time taken by the stops. 


Tractive Effort 


To start and to haul a train requires that the electric 
locomotive exert a certain draw-bar pull. This power 
must be applied at the rim of the driving wheels and 
the weight of the locomotive must be such that sufficient 
friction will exist between the driving wheels and the 
rail to make slipping impossible. The power given by 
the electric motors is transmitted through the mechanical 


*Westinghouse Electric & Manufacturing Co., New York, N. Y. 
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connections to the rims of the driving wheels where it is 
called tractive effort.. 

Tractive effort, which is usually represented in terms 
of pounds, has a definite relation to the torque of the 
motor, and is determined by the mechanical connections 
between the motors and the drivers. The mechanical 
connections may be in the form of gearing, or side rods, 
or a combination of both. The torque of the motor is 
the pull at one foot radius so that the tractive effort 
(T.E.) can be easily determined from the following 
formula when the motor torque curve is available: 

24 inches 
T.E. = pounds torque X —X 
wheel diam. in inches 
ratio of mechanical connections X efficiency of trans- 


mission. If gearing is used then the ratio of mechanical 
connections becomes 
number of gear teeth 


number of pinion teeth 
and the efficiency is the gear efficiency. With side 
rods, as used on the Pennsylvania electric locomotives, 
the ratio becomes 1 as the motors revolve at the same 
number of revolutions as the drivers. 

The tractive effort delivered at the rim of the locomo- 
tive drivers is consumed in overcoming certain factors, 
namely—train resistance, acceleration, grade resistance, 
and resistance due to curves. Train resistance is the tract- 
ive effort required to keep the car or locomotive moving 
over a level track at a constant speed. Acceleration is the 
rate of increase in speed of the train and a certain tractive 
effort, additional to that required to overcome train 
resistance, is required to start the car or train and bring 
it up to a uniform speed. When operating on a grade 
an additional tractive effort is necessary to lift the car 
through the vertical distance which the car is raised when 
operating over the grade. Additional resistance is en- 
countered and requires additional tractive effort when 
the locomotive or car is operating on a curve. There is 
a tendency for the locomotive to travel in a straight line 
and the centrifugal force set up causes the wheel flanges 
to press against the outer rail, friction greater than the 
train resistance results which must be overcome by ad- 
ditional tractive effort. 


Train Resistance 


Train resistance depends on a great many variables 
and at best it is necessary to assume average conditions. 
There are many empirical formule for train resistance 
which agree closely with actual tests which have been 
made. The effect of train resistance assumptions on the 
final result depends a great deal on operating conditions. 
In the case of rapid transit or local passenger high sched- 
ule service, the stops are at such close intervals that the 
energy consumed during acceleration is a large percent- 
age of the total consumption. Inaccuracies in train re- 
sistance, under above conditions, do not affect appreciably 
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the results. However, in the case of long runs where 
the train is accelerated infrequently, it is essential to use 
values for train resistance which are correct as the energy 
required to overcome train resistance becomes an ap- 
preciable part of the total energy expended in propelling 
the train. 

The train resistance is affected by the shape, weight 
and size of the car or ;ocomotive and can be divided into 
three component parts, namely—wind resistance, rolling 
friction and journal friction. Wind resistance depends 
on some power of the speed not yet determined; rolling 
friction is inversely proportional to the speed; and jour- 
nal friction is for all practical purposes considered con- 
stant. At the instance of starting, the train resistance 
is high depending on the design of the bearing, the wheel 
diameter and the condition of the track. A value as 
high as 15 to 17 lb. per ton is probably reached but drops 
rapidly to a much lower value at two to three miles per 
hour and then rises gradually as the speed increases. 

In working out the speed time curve, as we will see 
later, a constant value of train resistance is assumed over 
the period of straight line acceleration. Tests of train 
resistance check fairly closely with the empirical for- 
mule and in the working out of problems the following 
curves will be found accurate and will give satisfactory 


results. These curves are conservative and do not give 
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Fig. 1. Train Resistance Curves for Single Cars Varying in Weight 


from 25 to 60 Tons. 


as low train resistance values as some of the other curves 
based on formule, or as low as the Berlin-Zossen tests 
made in 1903. These tests were made in Germany on a 
high speed electric car of approximately 103 tons, operat- 
ing over a specially prepared track suitable for very high 
speeds. Usually the problem is to determine motor ca- 
pacity so that conservative values of train resistance are 
in the right direction. 
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Curves of train resistance for single cars varying in 
weight from 25 to 60 tons are shown by Fig. 2, while 
Figs. 3 and 4 are train resistance curves for trains of 
various weights. These latter curves are obtained from 
Sprague’s Formula 

TR=4T+VT+V 


6 3 
T R—train resistance 
T—weight of train 
V—speed 
For general use and quick calculations, the following 
values can be used without referring to the train resist- 
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Fig. 2. Train Resistance Curves for Trains Weighing Up to 400 


Tons at Various Speeds Up to 60 Miles Per Hour. 


ance curves. However, when any comparisons are to 
be made or speed time curves worked out then the curves 
should be used. 

Electric locomotive resistance is usually taken at 15 
Ib. per ton and the trailing load for freight service at 
about 7 lb. per ton up to a speed of 30 miles per hour. 
With small light cars of approximately 30 tons weight 
a resistance of 20 lb. per ton up to 35 miles per hour can 
be used. In the case of heavier cars of 50 to 60 tons, 
15 lb. up to a speed of 35 to 40 miles per hour and 22 
Ib. at speeds above 40 miles per hour and up to 60 miles 
per hour. When trailer cars are used in connection with 
the multiple-unit system then additional train resistance 
for these trailer cars can be taken at 12 Ib. per ton for 
speed up to 50 miles per hour and 13 lb. per ton from 
50 to 60 miles per hour 
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Acceleration 

The acceleration of trains varies greatly. In rapid 
transit service, usually handled by multiple-unit oper- 
ation, values from 1.5 to 2 miles per hour per second are 
~used. Considering electric locomotives in freight service, 
the acceleration rate is, of course, a great deal slower and 
values of 0.1 to 0.2 miles per hour per second are used. 
In passenger service electric locomotives accelerate as 
high as one mile per hour per second. 

Acceleration is the rate of change of velocity. The 
force necessary to produce this acceleration is propor- 
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Fig. 3. Train Resistance Curves for Trains Up to 2,000 Tons for 


the Various Speeds Up to 60 Miles Per Hour 


tional to the product of the mass and the rate of the ac- 
celeration, 1. e.— 
AW ic i 
fF = ——_ 
O22 

W—Weight of body in lbs. 

A—Rate of acceleration in feet per second per second. 
The value is 1.47 for 1 mile per hour per second 
acceleration. 

Using one ton or 2,000 Ib. in the above formula and 
the rate of acceleration one mile per hour per second 
(m-p.h.p.s.) we obtain a value of 91.1 Ib. per ton. . This 
is the tractive effort per ton required to obtain rectilinear 
acceleration at the rate of one m.p.h.s., but does not 
take into consideration the additional force necessary to 
overcome rotation of wheels, armatures of motors, etc. 
The value to be used as pounds tractive effort per ton to 
produce the above rate of acceleration is taken as 100 Ib. 

For any other rate of acceleration the value to be used 
is proportional; for instance, with a rate of acceleration 
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of % m.p.h.p.s., 40 Ib. per ton would be the value, or for 
ly mp.ip.solz5 lbeper ton. In starting up a train, 
the acceleration is usually rapid requiring large tractive 
effort, but this acceleration gradually falls off until uni- 
form speed is reached when the only tractive effort re- 
quired is that necessary for train resistance. 


Grade Resistance 

The grade resistance is the tractive effort necessary 
to overcome the lifting of the car through the vertical 
distance. When running up a 1 per cent grade, the force 
required is 1/100 of the car or train weight. In terms 
of tons, it is 20 lb. which is the value used. For any 
other grade, the resistance is directly proportional—for 
instance, if the train was operating on a 2 per cent grade, 
40 lb. per ton would be used or if operating on a 0.75 
per cent grade, 15 Ib. per ton would be used. 


Curve Resistance 

The value to use for curve resistance in terms of de- 
gree of curvature is at its best onlv approximate. There 
are many factors such as track, road-bed, and speed of 
train which enter into and affect curve resistance. <A 
value of 0.8 lb. per ton per degree of curvature is gen- 
erally used although this resistance value may be taken 
as low as 0.4 lb. where the construction of the road-bed 
is of a high order. 


Speed Time Curve 
The operation of a train can be represented graph- 


ically by what is known as a speed time curve. The 
operation generally consists of a series of runs, the num- 
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A Typical Speed Time Curve Where the Average Length 
of Run Is 264 Seconds cc 


Fig. 4. 


ber depending on the number of stops which the train 
makes between the two terminals. At each stop, the 
train starts from standstill, increases its speed or ac- 
celerates at first rapidly and then more slowly until a 
balanced speed is reached. Power is cut off and the 
train coasts until a point is reached where brakes ‘are 
applied to bring the train to a standstill at‘the next’ stop. 
Each of these cycles of operation can be shown graph- 
ically by plotting speed against time as shown in’ Fig. 1. 
Acceleration is shown by the line A-B; the’ constant 
speed by B-C; coasting by C-D; braking by D-E and the 
stop by E-F.- Many times it is possible and convenient, 
where there are a large number of stops, to choose a 
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typical run which will be the average of runs between 
each stop and will represent the conditions to be met 
by the electrical equipment. A typical run for a par- 
ticular service where the average length of run, includ- 
ing stop, is 294 seconds, is represented by Fig. 1. When 
using this typical run, some grade must be assumed 
which will represent the average of all the grades. Even 
if the ends of the line are at the same elevation, energy 
is expended by the train running over the rolling coun- 
try as all of the power stored by lifting the car is not 
available for coasting on the down grades. The equtiv- 
alent grade represents the average grade and is obtained 
as follows :— 
Equivalent Grade (in per cent) = 
100 & sum of rises in feet in both directions 


2 < length of round trip in feet 
Examples 


The following examples have been assumed to show 
how the various values of train resistance, grade resist- 
ance, etc., are used and applied. 

1. What tractive effort will be required to propel a 
55-ton car up a 1.23 grade at 35 miles per hour? 

To propel a 55-ton car at 35 miles per hour will require 
15.6 lb. per ton (value obtained by referring to resist- 
ance curves Fig. 2) as train resistance. 

50 exp leroes—- O00. 1D, 
To lift the car up the grade the lb. required— 
SSO alee) el ooo De 

ANS 2808 42 )1)353e-—"2,214' lb, tractive eitore: 

2. What would be the required tractive effort if there 
was a 6 degree curve on this grade? 

Assuming 0.8 lb. per ton as curve resistance per degree 
of curvature, the tractive effort account of the curve 
would be: 

Sot FU 6264 

Ans=—1 Otale Vii =oe 20 eee 4 nl 

3. What tractive effort required to accelerate at 0.6 
m.p.h.p.s. on the above grade and curve? 

The’ tractive tefrort fo faccelerate at the “rate ot. 0.6 
Mm. pps isis: 

55a < 60. = 3.300 

There will still be required the same tractive effort for 
the grade, curve and train resistance so that the total 
ae 

Ans.—2,475 + 3,300 = 5,775 Ib. 


Horse-Power 


Sometimes it is interesting to know what horse-power 
is developed by the locomotive when running. This is 
easily determined when the tractive effort and speed is 
known by the formula: 

H.P. = Pounds tractive effort X miles per hour 


Bo 

The railway motor has certain characteristics. For 
a specific motor there is a definite relation between the 
revolutions, the torque delivered by the motors, and the 
current consumed to deliver this torque. Characteristic 
curves are made up for railway motors, from which it is 
possible to work out just what the locomotive or car 
equipment will do in’a certain service. Our next article 
on “Electric Traction” will discuss the different types of 
railway motor curves, direct current, single-phase, and 
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three-phase. The article will explain how to read these 
curves so that the information contained can be applied 
to a definite problem. In connection with this discussion, 
the effect of change in gear ratio and voltage will be 
considered. 


Electric Headlight Case 


The Interstate Commerce Commission has taken under 
advisement, without comment, after all-day oral argu- 
ments on November 27, the controversy concerning the 
proposed rule to adopt high power locomotive headlights. 
The details of the hearings which were held on October 
30 and 31 and November 1, 2 and 3, were reported in 
the Railway Electrical Engineer of November. 

In the closing oral argument, Solicitor Charles C. Pauld- 
ing of the New York Central, as chairman of a special 
committee including Duane E. Minard of the Erie and 
Stacy B. Lloyd of the Pennsylvania, declared that every 
contention of the carriers as to the danger and imprac- 
ticability of the “searchlights” in many cases had been 
fully established and corroborated by a preponderance 
of the most credible testimony. He urged that the only 
proper rule for the commission to adopt would be to pre- 
scribe a reasonable minimum power for headlights, to be 
made capable of exact measurement by beam candle 
power, which would enable different railroads to adapt 
their headlights to the widely-varying conditions on dif- 
ferent lines in different localities, which the testimony 
showed is essential to safe and efficient operation. 

Grand Chief Warren S. Stone of the Brotherhood of 
Locomotive Engineers made the only argument for the 
electric headlights, speaking for two hours and citing the 
testimony of member engineers that they had had no 
trouble whatever in using the intense headlights on west- 
ern roads, such as being blinded by the dazzling glare 
when trains meet, misreading of signals through false 
colors, phantom lights and reflections, as described by a 
score of engineers called by the carriers and testified to 
as the result of numerous tests. He insisted that the 
electric headlight should be considered a safety device. 

Solicitor Paulding pressed the point upon the commis- 
sion that what might be satisfactory and safe on one rail- 
road might be impracticable and dangerous on another, 
because of the variance of local conditions, and that what 
can be used on the single-track lines in the sparsely- 
settled regions of the West might be utterly impossible 
on the multiple-track roads of the East and in the con- 
gested districts and suburbs around the big cities. He 
reviewed the voluminous testimony at length to support 
the insistent declaration of operating officials and many 
enginemen that the “searchlights” would be a serious 
menace to safe operation where traffic is dense and many 
trains are constantly passing one another at high speed 
on adjoining tracks, setting at naught the elaborate 
systems of block signals, through which safe operation 
has been achieved and the accurate operation of which 
depends upon correct reading of colored lights by en- 
gineers. 

Attorney Lloyd made the closing argument, answering 
the plea of Grand Chief Stone, and briefs were filed by 
both sides. 


Charges Violation of Penal Law 


A sensational feature of Solicitor Paulding’s vigorous 


December, 1916 


argument was the statement that the brotherhood chiefs, 
in expelling engineers from membership for testifying to 
their belief that the electric headlights are dangerous, 
had violated the Federal Penal Code, which prescribes a 
fine of $5,000 and six years’ imprisonment for intimida- 
tion or wrongful influencing of witnesses in a proceeding 
before a United States court or commissioner. 

The railroads’ counsel scathingly denounced the 
brotherhood constitution’s provision providing that “any 
member who interferes with a legislative matter being 
conducted by the legislative board shall be expelled.” 
He called attention to the warnings sent broadcast to en- 
gineers that they were subject to expulsion if they testi- 
fied, and cited the case of David Trostle, an engineer 
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who admitted under oath that while he was waiting to 
take the witness stand, Alonzo G. Pack, assistant chief 
inspector on the government staff of Frank McManamy, 
had ‘‘reminded him of the brotherhood rule that he could 
be expelled for interfering in legislative matters” even 
within the hearing chamber of the Interstate Commerce 
Commission. With the testimony of the brotherhood 
witnesses so directly contradictory of all the mass of 
testimony of engineers and others who testified of diffi- 
culties in vision through false colors, reflections and 
blinding glare from the high-power lights, as produced 
by the railroads, the two could not be reconciled and it 
resolved itself into a matter of the credibility of the wit- 
nesses, said Solicitor Paulding. 


ar Lighting Course 


Lesson No. 56 


U-S-L Type C Panel 


HE essential features of the U-S-L type C panel 
can be easily grasped by a study of the schematic 
diagram, which also illustrates the simplicity of 

the system. The shunt coil (62) closes the automatic 
switch and puts the generator in circuit when its voltage 
rises to the proper value; a resistance (not shown in the 
diagram) is then cut in the shunt coil circuit, and the 
switch is opened when the generator slows shown by 
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reverse current in the series coil (61). The lamp regu- 
lator, which operates by varying the pressure on a Cat- 
bon pile resistance, maintains constant potential on the 
lamps, independently of the condition of battery or gen- 
erator. Generator regulation is effected by variation of 


the carbon pile resistance (8) in the shunt field circuit, 
and ampere hour meter control is used. 


Battery Charging 


The panel maintains “modified constant potential” 
regulation of the generator. The shunt coil of the 
regulator (13) is the principal factor in the regulation. 
Note that this shunt coil is in series with an adjustable 
resistance (14). The series coil, or modifying coil, 
modifies the potential regulating effect of coil 13; while 
coil 13 tends to operate the relay to maintain constant 
potential, the series coil (11) opposes this action and 
allows the generator voltage to rise as the charging cur- 
rent drops off when the battery approaches full charge. 


i 62- AUTOITATIC 
SW/TCH 


LAMP REGULATOR 


Schematic Diagram 


The series coil (11) also reduces the voltage and pre- 
vents excessive current when charging a_ run-down 
battery. 

With the culmination of full charge, the closing of 
the contact within the ampere hour meter short-circuits 
a portion of resistance (14), permitting greater energt- 
zation of coil 13. The resulting increased magnetic puli 
on the plunger of the regulator increases the carbon pile 
resistance and reduces the generator voltage to “floating 
battery’? value, which is about 35 volts. Thus, follow- 
ing meter closure, the battery neither receives nor de- 
livers energy while the speed of the generator continues 
at or above the operative point, the battery merely float- 
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ing on the system. During battery floating periods the 
generator regulation is straight constant potential. 

The regulation curve, plotted in amperes and volts 
against time, shows evidence of the effectiveness of the 
control system. A feature of the operation is the fact 
that the turning on of any number of lamps has no ef- 
fect on the charging current sent into the battery. The 
generator automatically “picks up” the lamp load in 
addition to the charging load. This is accomplished 
by arranging the connections so that only the battery 
current flows through the controlling coil 11. Refer- 
ring to the schematic diagram on page 583 it will be 
noted that the lead to the positive side of the lamps is 
tapped to the lead going to the control coil 11 at b 
so that the lamp current is independent of the control 
current. If this tap had been made between coil 11 
and the meter both lamp and battery current would 
have gone through the control coil 11 which would 
result in a reduced charge as lamps were turned on. 

The U-S-L corporation emphasizes the operating 
economy in utilizing the high efficiency generator for 
carrying the lamp load, just as though no battery were 
used, during all periods in which the generator runs at 
or above operative speed; this direct lighting avoids the 
loss of energy that would otherwise be incident to the 
use of what they refer to “taxed current” drawn from 
the battery under the same condition of speed. The 
term “taxed current” refers to the fact that you must 
put from 15 to 20 per cent more energy into a battery 
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Battery Charging Curves 


than you can possibly get out of it. Considerable pro- 
longation of battery life is also secured by minimizing 
the battery discharges; the more a battery is worked, the 
faster will be the evaporation and the greater the wear 
on the plates, measured by the mud deposit. The safe- 
guarding of the battery charge by means of the ampere 
hour meter is a large factor in the improved operation. 


Mechanical Details 

The automatic switch is the old standard switch made 
for years by the U-S-L corporation. For a long time 
this company has made the insulating base for the short- 
circuiting finger at the top of the switch of molded 
bakelite, a material which now appears in several places 
on the panel. The dash pot and piston are both made 
of graphitized bakelite. The ring around the solenoid 
plunger is made of graphadloy, selected for easy slipping 
within the solenoid tube. 
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Concreting in Cold 
Weather 


Concrete work can be carried on successfully in cold 
weather. All that is necessary is to heat the sand and. 
pebbles or broken stone and mixing water so that the 
concrete mixture will have a certain minimum temper- 
ature, then to place the concrete quickly and maintain 
the heat until early hardening has been completed. This 
does not mean that there are no limitations to the prac- 
ticability of doing concrete work in cold weather, but 
that if a few simple precautions and protective measures 
are used, winter concrete work will be as successful as 
that done in warm weather. 

During the first few days following the placing of con- 
crete, alternate freezing and thawing at comparatively 
short intervals will damage it. It is thus necessary to 
so mix, place and protect the concrete that early harden- 
ing will be complete before the work is exposed to freez- 
ing temperatures. To do this: 

(1) Sand and pebbles or broken stone used must be 
free from frost or lumps of frozen matérialy) 42 )aie 
these materials contain frost or frozen lumps, thaw them 
out before using. (3) As cement forms but a relatively 
small bulk in any batch of concrete, it need not be heated. 
(4) Mixing water should always be heated. 

Although adding common salt to mixing water will 
prevent freezing of concrete that has not hardened, there 
is a limit to the quantity of salt which may be added if the 
final strength of the concrete is not to be affected. Salt 
simply lowers the freezing point of the mixing water; it 
does not supply what is most needed—heat and warmth. 
It delays, instead of hastens, the hardening of the con- 
crete. Sand and pebbles or broken stone and mixing | 
water must be heated so that the concrete when placed 
shall have a temperature of from 75 to 80 degrees. Some 
sands are injured by too much heat. The same applies 
to certain varieties of pebbles and broken stone. A 
temperature not exceeding 150 degrees Fahrenheit will 
generally prove most satisfactory. Place concrete im- 
mediately after mixing so that none of the heat will be 
lost before placing in the forms. Warm metal forms and 
reinforcing before placing concrete. Be careful to re- 
move ice and snow and frozen concrete remaining on the 
forms from preceding work. Forms can be warmed by 
turning a jet of steam against them or by wetting with 
hot water. Even though materials have been heated and 
the concrete placed immediately after mixing, it will lose 
much of its heat if not protected from low temperatures. 

Frozen concrete sometimes very closely resembles con- 
crete that has thoroughly hardened. When frozen con- 
crete is struck with a hammer, it will often ring like 
properly hardened concrete. Before removing forms, 
examine the work carefully to see whether it has hard- 
ened or is simply frozen. To determine this, remove one 
board from some section of a form, pour hot water on 
the concrete or turn the flame of a plumber’s blow torch 
or a jet of steam under pressure against the concrete. 
If frozen, the heat will soften the concrete by thawing 
the water contained in it. Although concrete which 
freezes before early hardening has been completed may 
not be permanently injured, if after thawing out it is 
not again exposed to freezing until hardened, protect- 
ing the concrete against possibility of freezing is best. 
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Light for Night Work Under Cars 


In a great many cases it is necessary to work at night 
on cars that are in need of electrical repairs, and it is 
not an uncommon occurence that the car or cars to be 
worked on are in an isolated position, and far from 
electric light lines. It often happens that it is impossible 
to use extension lights connected to any of the car cir- 
cuits, owing to little charge being left in the car storage 
battery. 

The use of kerosene lanterns is impracticable for two 
reasons, viz., the light given out by them is poor, and 
it necessitates the use of one man to hold and manipulate 
the light. Knowing these conditions, we built the ap- 
paratus shown in the photograph, which we believe is 
one solution of the problem. 

The apparatus consists of a low voltage flood light 
connected by an extension line to the charging plug 
receptacle, with an adjustable resistance in series. The 
light consists of a 12-inch parabolic reflector in which 
is placed a 25 C.P., 6 volt, Mazda C. bulb, these being 


enclosed in a suitable weatherproof case, and the whole 
mounted on an adjustable tripod or stand. The con- 
necting cable is a 5 foot length of No. 12 stranded R. C. 
deck cable to the end of which is connected an attach- 
ment plug. This plug fits one of two receptacles on the 
case which surrounds the resistance, and a similar plug 
from the battery cable leads to the other receptable. On 
the other end of the battery cable is a plug which fits 
the charging receptacle of the car. 

The resistance coil itself consists of a length of Ger- 
man silver wire (No. 16 B. & S.) 72 feet long wound 
on an asbestos covered form, and having a sliding con- 
tact which makes it possible to adjust the voltage across 
the lamp terminals to its normal pressure regardless of 
whether the battery is fully charged or not. When ad- 
justing the voltage in this manner care should be used 
not to put too high a voltage on the 6-volt lamp. 
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The light given by this apparatus is a powerful and 
steady ray. It is primarily intended to illuminate gen- 
erators, under body lamp regulators and batteries, and 
fulfills the requirements very thoroughly. Two or more 
lights may be used by connecting them in parallel, and 
interposing the resistance between them, and the battery 
plug receptacle. 

WiitraM L. Foss, Electrician, 
Maine Central, Portland, Me. 


Rack and Drip Pan for Painting Edison Batteries 


When Edison batteries are dipped in paint, allowed 
to stand in the drip pan, then placed on the battery 
bench, considerable paint is spilled on the bench and 
floor, which means a waste of paint and endangers a 
man’s safety from slipping while performing this work. 

The arrangement shown in Fig. 1 consists of an iron 
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Fig. 1 


paint tank, a rack made from angle iron with five flat 
iron crosspieces, and a drip pan made of galvanized 
iron shaped so as to drain the dripping paint back into 
the tank. After a full set of batteries (18 crates) has 
been dipped and placed on the rack as shown in Fig. 2, 
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Fig. 2 


the porcelain skids on the wooden crates can be cleaned 
off with a cloth saturated with kerosene to cut the paint, 
before placing the batteries back on the bench. 

This apparatus, when mounted on a bench 16 ft. long 
and 6 ft. wide, as shown in Fig. 1, will give ample room 
for a walk on each side of the rack. 

CHas. W. T. Stuart, Electrician. 
Penn. R. R., Philadelphia, Pa. 
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Improved Armature Pulley Puller 


A. short time ago I noticed a practical stunt where a 
pulley puller was constructed by using a nut with a bolt, 
the bolt being sawed off and center-punched. I believe 
that the pulley puller which I have been using for the 
last year is more practical as there are no loose nuts to 
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Fig. 1. The Pulley Puller Assembled Ready for Use 


be lost. The sketch in Fig. 1 shows the pulley puller 
assembled while Fig. 2 gives the details. 

It will be noted that with the cap for the center bolt 
it is impossible to damage the center of armature shaft. 
This cap is turned out to 7% in. by %4 in. deep which 
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Details of the Improved Pulley Puller 


works all right on the U. S. L. equipments, but for some 
of the equipments that have a larger shaft end at arma- 
ture pulley it would have to be enlarged to suit. 
T. H. Hopxins, Foreman Electrical Dept., 
Oregon Short Line, Salt Lake City, Utah. 


Lubrication of Relay Pivots 


It is a well recognized fact that all pivots and pins 
acting as pivots on switchboard apparatus, etc., should 
be as nearly as possible devoid of friction; for this rea- 
son they are often made of phosphor bronze. It is not 
advisable to oil such parts for they might collect dust 
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and form gum. Although phosphor bronze gives ex- 
cellent results when kept clean, yet sooner or later it is 
bound to gum and stick. 

This is especially true of the pin that holds the pole 
changer trip of a Gould simplex generator; also the 
pivots of safety automatic switches. My stunt is to coat 
all these pins with dry graphite after they have been 
thoroughly cleaned. If powdered graphite is not at 
hand, I rub the entire surface with a soft lead pencil, 
which has the same effect. It is surprising how much 
friction can be eliminated by this method, with resulting 
closer regulation of the apparatus. 

FE, C. MEILvoret, Electrician, 
Long Island Railroad. 


Repairing Bliss Suspension 
Space bars on the generator suspension of Bliss equip- 
ment become broken occasionally. When a car comes 
to the Frisco shops in this condition we cut off the 
threaded end of the space bar (A), drill and tap the 


thread for 34 in. set screws and secure the set screws 

with lock nuts, (B) and (C). We find this much better 

than the original scheme. L, J. BAgerax 
Frisco Shops, Springfield, Mo. 


kFrontiersmen Welcome Electric 
Traim 


The Chicago, Milwaukee & St. Paul Railway is now 
electrified for a distance of 440 miles in Montana, over 
two mountain ranges from Harlowton, Mont., to Avery, 
Idaho. Through Missoula, near the western terminus 
of the electrified section, all regular freight and passenger 
trains are being drawn by electric locomotives and nearly 
all the extra trains are so handled also. A so-called 
“steamer” shows up once in a while, however, as the 
Chicago, Milwaukee & St. Paul has not received all of 
its electric engines from the General Electric Company. 

When the first passenger train drawn into Missoula 
over the Milwaukee arrived there was a good-sized 
crowd at the station. In that crowd were Granville 
Stuart, who discovered gold in Montana; E. S. Paxton, 
famous throughout the country as an Indian artist, and 
formerly an Indian fighter; Major Catlin, one of the 
leaders in the Indian wars, and Judge F. H. Woody, who 
arrived in what is now Missoula in 1856. All of this 
quartet came into Montana with bull teams, and each 
marveled at the progress of the age when he saw the 
first electric locomotive slide out from Hellgate Canyon, 
pulling its long line of steel coaches.—Electric Railway 
Journal. 
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Modern Shop Lighting 


An example of the best modern practice in shop 
illumination is to be found in the Ferguson (Ky.) 


shops of the Cincinnati, New Orleans & Texas Pacific 
Railway. The accompanying photographs illustrate the 
results secured in uniform lighting over large areas. 

In the erecting and boiler shops, Benjamin elliptical 


Machine Shop. 


angle reflectors are used with 500 watt Mazda C lamps 
mounted on side walls above crane tracks. The advan- 
tages of wall mounting include accessibility for cleaning 
one lamp renewals; better direction of light for illumina- 
tion on vertical surfaces and the more hidden places on 
locomotives, and a striking absence of shadows and uni- 


Erecting and Boiler Shop. 


formity of lighting on the working plane. An average 
of four to are: foot candles intensity is obtained with 
0.9 watt per sq. ft. of floor area. 

In the machine shop, with a comparatively low ceil- 
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ing, Benjamin shallow bowl reflectors are used with 100- 
watt Mazda lamps, mounted 10 to 14 ft. high and spaced 
at frequent intervals. This arrangement results in high 
intensity and uniform light on the working plane, and 
it is found that there is no need for drop cords or indi- 
vidual lights. The reflectors were supplied by the Ben- 
jamin Electric Manufacturing Company of Chicago. 


Wiremold 


Wiremold is a new form of metal conduit brought out 
by the American Conduit Manufacturing Company, 
Pittsburgh, Pa. Its assembly and installation call for no 
special tools, slots, holes or screws—it is simply cut into 
the required lengths and shoved over the coupling tongues 
of the fitting. It is provided with a finish which blends 
with the color of the average wall upon which it is used— 
a neutral-tone enamel. 

Wiremold is made in the two wire sizes only—21/32 
in. wide sand 15/32 m: thick over ally and “as “de- 
signed for surface wiring exclusively. Wiremold base 
and capping is permanently assembled at the factory and 
conductors cannot be laid into it as in similar materials 
but must be fished in all cases. To install wiremold, push 
the coupling forward until the screw hole is clear and 
then attach to the wall with a number 8 flat head wood 
screw as shown in Fig. 1 (the coupling is the portion 
which contains the screw hole), then slip the next link 


Figea2 


Fig. 3 


over the edges of the coupling as shown in Fig. 2, and 
close up as shown in Fig. 3. 

The base plates of all wiremold and fittings of cross, 
tee and elbow types are provided with ribbed tongues, 
as can be seen from the broken end view of such a base 
piate as shown in Fig. 4. In coupling wiremold with 


Fig. 4 Fig. 5 


fittings of this type, the tongues are slipped into the 
grooved edges of the molding as illustrated by Fig. 5. 
Wiremold is well adapted to the wiring of old suburban 
cars, postal, baggage cars, etc., where it is not desired to 
conceal the wiring. It is also especially adapted for the 
rewiring of freight stations, second, third and fourth 
class passenger stations, docks, warehouses, etc., where 
it is considered desirable to replace the obsolete, danger- 
ous, open wiring with a modern conduit installation. 


587 


588 RAILWAY ELECLRIGAL VENGiIW Pei V Ol. /, ONGa a2 


Solderless Connectors by the phantom view in Fig. 2. It is not necessary 
to use tie wires on these insulators, but they may be used 


A new type of connector for stranded or solid wire. <2 
in the regular way if so desired. A corner chair, Fig. 3; 


is illustrated herewith. It is intended to make a bet- 
ter and cheaper joint than can be made by use of 
solder, for when the cost of time, solder and equip- 
ment is considered, it will frequently be found that a 
mechanical connection saves more than its own cost. 
Certified tests have proved that when a line is tested 
to failure by excessive current, a soldered lug melts 
and opens the circuit before the connector has suffered 


is supphed for mounting a bracket on a corner of a build- 
ing as shown in Fig. 4. They can also readily be at- 
tached to steel girders. The use of these fixtures im- 
proves greatly the appearance of a job compared to the 
old wooden brackets. These brackets, complete with 
insulators, are manufactured by the National Metal 
Molding Company, Pittsburgh, Pa. 


Flood Lighting Railroad Yards 


The use of flood lights in railroad yards at night is 
a distinct advance toward the goal of safe working con- 
ditions. It will be noted in the illustrations that the 


Frankel Solderless Connectors 


any damage, and the connector does not heat as much 
as the cables which it connects. The mechanical 
strength of such a joint is sufficient for ordinary 
strains, but an extra strong connector or splicing sleeve 
is made for trolley wire. 

These connectors are made for two-way and three- 
way joints, elbows, reducers, cable taps, and numerous 
special forms; they can be supplied with any standard amps do not throw a defined and concentrated beam, 
finish. The connectors are made by the Frankel Con- but tend rather to spread the light uniformly over a con- 
nector Company, New York. siderable area and there is an entire absence of blinding 


Flood Lighting Passenger Yard 


New Type of Wall Brackets 


The illustrations show some new wall brackets and in- 
sulators which have been in service long enough to prove 


Fig. 1. 


their value. A three-point bracket, consisting of a 
sherardized stamped steel base-plate on which are mount- 


Engine Terminal Illuminated by Flood Lights 


Fig. 3. effect even when looking toward the light. The lamps 
ed porcelain insulators of a unique design is shown in used are the Western Electric-Davis type, manufactured 
Fig. 1. The method of mounting the insulator is shown by the Western Electric Company, Chicago, II. 
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General News Section 


INIT ULL 


em 
The Adams-Bagnall Electric Company, of Cleveland, ing system. The equipment easily demonstrated its 


Ohio, manufacturers of “Abolite’’ enameled reflectors, is 
completing an addition to its factory by the installation 
of a complete porcelain enameling plant. 


Pass & Seymour, Inc., have announced plans for in- 
vesting $225,000 in making additions to their plant at 
Solvay, N. Y. These additions when completed will add 
about five hundred persons to the pay roll. 


The New York Central has filed an application with 
the Second District Public Service Commission in regard 
to the New York Central Railroad Equipment Trust of 
1917. It proposes to purchase rolling stock to the value 
of $15,000,000, included in which are 30 multiple unit 
motor cars and ten electric locomotives. 


The Westinghouse Electric & Manufacturing Co. re- 
ports the receipt of a contract from the New York Con- 
necting Railway, New York city, for all the catenary 
hangers to be-used in its construction. This four track 
railroad, connecting the New York terminals of the 
Pennsylvania and New Haven lines, is being equipped 
for 11,000 volt single phase operation. 


The New York, New Haven & Hartford, on the oc- 
casion of the Yale-Harvard football game on Saturday, 
November 25, carried into New Haven, in the space of 
3 hours 11 minutes, 32,423 passengers ; and it is reported 
that from 8,000 to 10,000 visitors had arrived in New 
Haven on the day before. On Saturday the number of 
trains carrying passengers from New York to New 
Haven in the morning was 31, and the number of pas- 
sengers 18,108. The trains ran through, 74 miles, in 
two hours. The passengers leaving New Haven Satur- 
day afternoon numbered 33,779, and they traveled on 71 
trains, starting between 4 p. m. and midnight. Practi- 
cally all the New York trains were hauled over the en- 
tire distance by electric power, the New Haven using 
its electric freight locomotives to help handle the rush. 


New York Car Lighting Club 


An example of a live car-lighting club in action was 
given on Tuesday evening, November 14, when about 
forty members of the New York association left the 
Grand Central with Mr. Wall, president of the associa- 
tion, met Secretary J. M. Scudder with about twenty 
more at Brooklyn bridge, and proceeded to the Brooklyn 
plant of the Franklin Railway Supply Company. Some 
interesting observations were made en route on the bat- 
tery lighting system of the new Brooklyn subway cars, 
which came into action quite frequently as the shoes 
passed over breaks in the third rail. Arrival at the desti- 
nation was a half hour ahead of time, probably under 
the impression that the equipment must be in operation 
by the schedule time of nine-thirty. The extra half hour 
was appreciated however, when H. D. Rohman was ex- 
plaining the fine points of the Stone-Franklin car light- 


ability to do all that was expected of it, and Mr. Rohman 
was voted a royal entertainer. 

The next meeting, held in the Grand Central Terminal 
on Tuesday, December 5, was devoted to a discussion of 
Stone-Franklin equipment, Mr. Rohman of the Franklin 
Railway Supply Company being present to answer ques- 
tions. 


Proposed Electrification on the D. & R. G. 


Engineers of the Denver & Rio Grande Railway have 
completed surveys and estimates for the Soldier Summit 
grades, and plans will be submitted to H. U. Mudge, 
president of the railroad, who will make recommenda- 
tions to the board of directors concerning the change 
from steam to electrical operation on the grades over 
the Wasatch Mountains. The building of a high-tension 
line by the Utah Power & Light Company from Provo 
to Price is said to be the first step in the proposed elec- 
trimcation. It is understood that the cost of power is 
now being estimated by the Utah company and that con- 
tracts may be tentatively entered into within the next 
few weeks.—Journal of Electricity, Power and Gas. 


Hess-Bright Not Controlled by Outsiders 


To correct misleading rumors and statements The 
Hess-Bright Manufacturing Company makes the follow- 
ing announcement: 

A group of bankers, including Frank A. Vanderlip, 
Philip W. Henry, Thatcher M. Brown, and Franklin B. 
Kirkbride, of New York, and Marcus Wallenberg, of 
Stockholm, have recently acquired from the American 
group of stockholders a controlling interest in the shares 
of The Hess-Bright Manufacturing Company. This 
group of bankers owns also a substantial interest in the 
S. K. F. Ball Bearing Company of Hartford, Conn. 

The two companies will be operated quite indepen- 
dently of each other. The former policy of The Hess- 
Bright Manufacturing Company will be continued except 
that its manufacturing facilities will be increased some- 
‘what more rapidly to meet the constantly growing de- 
mand for its product. B. D. Gray, who retains his for- 
mer stock holdings, will continue to manage the business 
as president. F. E. Bright retires from active participa- 
tion in the company’s affairs, but remains identified with 
the company as chairman of the board. Aside from these 
two changes, the organization remains as before. 


Westinghouse Electric Grants Bonus 


Announcement has been made by the Westinghouse 
Electric & Mfg. Company of an extension of its present 
bonus system to include salaried men and office em- 
ployees or hourly rates, by which an employee will re- 
ceive a bonus of 8 per cent of his salary each month, 
providing his total excusable time absent and late during 
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the month does not exceed six hours, incurred on not 
over three occasions. An additional four per cent will 
be given each month to an employee who has not lost 
any time from work during the month through absence 
or tardiness, thus enabling him to obtain an increase in 
earnings of twelve per cent for a 100 per cent attendance. 
Several thousand employees in the Pittsburgh district are 
benefitted by the granting of the bonus. 


Call for Back Copies 


There is a demand for several copies of the Railway 
Electrical Engineer for each of the following dates: 
July, August, September and November, 1915. Twenty- 
five cents will be paid for each of the above copies up to 
the number required. If you can let us have any of 
these, please communicate with the editor. 


Personals 


Horace N. TRUMBULL has been appointed advertising 
manager of the S K F Ball Bearing Company, of Hart- 
ford, Connecticut. 


ArTHUR V. Farr, who for the past three years has 
been advertising manager of the S K F Ball Bearing 
Company, Hartford, Connecticut, has accepted the po- 
sition of sales manager of the Hess Steel Corporation of 
Baltimore, Md. 


IF. B. GLeason, formerly in charge of the far east busi- 
ness of the Western Electric Company at Tokyo, Japan, 
has been appointed manager of the southern district with 
headquarters at Atlanta, Ga., succeeding E. J. Wallis, 
who becomes manager of the Pacific coast district at 
San Francisco. Mr. Wallis will succeed F. H. Leggett, 
who, after three years on the coast, returns to the exec- 
utive offices at 195 Broadway, New York City. 


Grorce H. Groce has left the Electric Storage Bat- 
tery Company, where he has been a sales agent of the 
railway department, to become a sales representative 
in the railroad department of the U. S. Light & Heat 
Corporation of Niagara Falls, N. Y., with headquar- 
ters at 1402 Railway Exchange building, Chicago. Mr. 
Groce has had considerable railroad experience. Start- 
ing as a telegraph operator on the Pittsburgh & Lake 
Erie in 1880, he has since been with a number of roads 
in such positions as train despatcher, signal engineer, 
division superintendent and assistant to vice-president 
and to general manager. Mr. Groce has also repre- 
sented the General Railway Signal Company, and was 
assistant to the president of that company. From 1912 
to 1915 he was vice-president of the Wright Tele- 
graphic Typewriter Company. 

James H. WuHiItTAKeER, assistant superintendent of dis- 
tribution of the Puget Sound Traction, Light & Power 
Company, Seattle, Wash., is dead at the age of sixty- 
three. Mr. Whitaker was born in Illinois on February 
19, 1853. In 1895 he went to St. Paul as manager of the 
Northwest Engineering Company. He remained in St. 
Paul for fourteen years. He then joined the electrical 
engineering forces of the Northern Pacific Railroad, 
which connection brought him to the Pacific coast. He 
resigned from the Northern Pacific Railroad to become 
city electrician of Tacoma and later entered the employ 
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of the Seattle-Tacoma Power Company, with which 
company he was connected at the time of its absorption 
by the Puget Sound Traction, Light & Power Company. 


Trade Publications 


Arc Welding is the title of a 38-page booklet issued 
by the Arc Welding Machine Company, New York. Gas 
and arc welding are compared, as are also different 
systems of arc welding. The book is well illustrated and 
artistically arranged. 


Electrical Supplies-——The Central Electric Company 
has published an attractive new catalogue which contains 
over 1,400 pages, though it is compact and not heavy, 
being printed on thin paper. The appendix gives, in 
addition to wire tables, engineering data, etc., complete 
National Electrical Code regulations covering wiring. 


Cut Your Repair Costs—The scope of arc welding 
work and the advantages accruing from the use of this 
process in railroad shops is concisely told in an interest- 
ing little booklet of the above title being distributed by 
the Westinghouse Electric & Mfg. Company of Pitts- 
burgh, Pa. In addition to outlining some of the points 
to bear in mind when selecting arc welding equipment a 
number of examples are given, taken from actual shop 
records, showing comparisons in the cost of making re- 
pairs by the electric arc and by older methods, greatly to 
the advantage of the former. For instance, a case is cited 
where a cracked crown sheet was welded by the electric 
arc process at a total cost of 36 cents, and in one hour’s . 
time. By older methods it is estimated the cost wouid 
have been $75, and it would have taken 30 hours. 


Electric Railway Apparatus—Recent bulletins from 
the Westinghouse Electric & Manufacturing Company 
include circular No. 1516-A covering electric locomotives 
for freight haulage. It gives reasons for the adoption 
of electric locomotives, takes up the handling of freight 
traffic by electric railways, and contains a detailed de- 
scription of the equipment used in such work as well as 
the Interstate Commerce Commission requirements for 
this service. The bulletin is well illustrated. 


New Iooks 
New Course in Practical Mathematics. Prepared by J. H. 
Wickman, general foreman, electrical department, Illinois 
Central Railroad. Comprised in several typewritten and 
paper bound volumes. Price $1.00 per lesson. 
Mr. Wickman has prepared a series of four lessons on 
arithmetic, algebra and practical mechanics, and a further 
series on elementary electricity for shop electricians. The 
material is condensed but understandable and should be 
found: very useful by the shop man who wishes to im- 
prove his knowledge of such subjects. 
Electrical Tables and Engineering Data. By Henry C. Horst- 
mann and Victor H. Tousley. 329 pages, 33 illustrations, 
5 in. x 7 in. Bound in cloth. Published by Frederick J. 
Drakeycu Cons Ghicacos 
The book is intended to furnish those interested in 
electrical work with a reference and table book which 
can be conveniently carried in the pocket. It contains 
no theoretical discussions. Its scope is limited to prac- 
tical information which is daily called for but seldom 
available at the time most needed. 
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A happy New Year anda prosperous one, to you one and all. 
Should troubles come, as troubles do, may they disappear as 
quickly and surely as bearing troubles always do once you install 


IGF" BALL BEARINGS 


Greetings to you all, greetings bearing a message of Peace 
and Efficiency through the use of S.K.F. Ball Bearings. 


asiGE" BALL BEARING CO. 


HARTFORD 12-16-R-EE CONN. 
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From Maine to California 


- The highest tribute to the quality of Willard 
No-Wash Batteries for train lighting is their wide 
use, 


They are in service on the large majority of 
railroads of this country, operating under every 
possible condition and in conjunction with. every 
make of axle generator. Write for Bulletin 103. 


Willard Storage Battery Co., Cleveland, O. 
New York Chicago San Francisco Detroit 


Indianapolis 


STORAGE 
BATTERY 


Fr 


NO-WASH 


Roads with highest belt mileage and lowest 
belt cost per thousand car miles use 


GOODRICH 
Axle Lighting Belt 


With but one exception, all railroads 
included in the Annual Report of the 
Committee on Data and Information 
having an average belt mileage in excess 
of 26,000 miles, are users of Goodrich 
Axle Lighting Belt. This report shown 
in the supplement of the October issue 
of Railway Electrical Engineer. 


The reason for this uniform high type 
of service lies in the fact that into Good- 
rich Axle Lighting Belt, as well as into 
all our standard material for railroad ser- 
vice, goes our good name and the accu- 
mulative knowledge of 47 years of rubber 
manufacturing. May we help build 
greater mileage records for you? 


The B. F. Goodrich Company 


Makers of the Celebrated Goodrich Automobile Tires— 
‘‘Best in the Long Run’’—and Everything That’s Best in Rubber Goods 


Representatives Everywhere 


Factories: Akron, Ohio 
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N every line there is some one 
product of proxed excellence 
to which all similar articles 
are compared—and by that 
comparison judged and valued. One: of 
the many distinguishing and. meritorious 
features: of «a -—HLESS-BRIGH F BALL 
BEARING is its exceedingly deep ball 
races. It invites comparison in this feature 
alone. These deep ball races are obtained, 
not by lessening the thickness of the rings 
at the bottom of the ball tracks—but by 
increasing the radial width of the race sides. 
This means ample material in the cross sec- 
tion of the rings, making them very stiff and 
strong. 


Hess-Bright’s Conrad Patents are 
thoroughly adjudicated . 


THE HESS-BRIGHT MFG. CO. 


Front St. and Erie Ave. | PHILADELPHIA, PA. 
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Inimitable 
Bearing 


For Axle 


Generators 


HESS “BRIGHT 
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Over 4000 locomotives are already equipped with MAZDA 
headlight lamps. They throw an absolutely steady flood of 
light on the roadway far ahead—an easily controlled power- 
ful beam of light without a flicker. National MAZDA head- 
lights have no delicate mechanism. There is no cleaning, no 
ye trimming. They meet all reasonable state legislation. For 
Na ely A more data address 
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Representative Buildings of New York 
City In Which 


was used exclusively. The buildings represented 
in this composite picture are as listed. | Write 


today for Catalog and samples of SHERARDUCT. 


Adams Express Building H. C. Frick Residence 

B. Altman & Co. Store Harvard Club 

Architects Building Johnson Building 

Auto’b’e Club of America Metro’l’n Museum of Art 
Chelsea Piers Municipal Building 

Globe Theatre New York Postoffice 
Equitable Building New York Teleph. Bldg. 
Foster Building Telephone & Tele. Bldg. 
Yale Club 334 Fourth Avenue 


National Metal Molding @ 


Manufocturers of 


Electrical Conduits & Fittings 
11 Fulton Building, PITTSBURGH. PA. 
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Boston, New York, Chicago, Atlanta, Denver, Los Angeles, Portland, 
Seattle, Buffalo, Detroit, San Francisco S17 
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The Causes and the Meaning 
Of Noise in Ball Bearings 


As you well know, noise in a machine is 
usually a danger signal. In bearings, it in- 
dicates the presence of looseness and _ fric- 
tion that shouldn’t be there. And friction, 
you know, means wear. 


In ball bearings—which are supposed to be 
almost frictionless—noise is a sure sign of 
trouble a-brewing. Stop that noise at once 
—or you'll soon have to get a new bearing. 


Noise results from vibration. Vibration comes 
—in a ball bearing—from looseness of com-- 
ponent parts; from too much play; from 
imperfectly finished races; from imperfect 
balls; sliding friction where rolling friction 
is supposed to be; from loose mounting of 
the bearing; and from other causes. Look 
out for all these—they’re dangerous. 


The fit of the bearing in the housing and upon 
the shaft is also of importance in the reduc- 
‘tion of noise. Tight» fits—rigid mounting 
of both races—eliminate looseness. Your 
question is—rigid mounting, or floating 
mounting? 


Then, there are many types of ball retainers or 
cages that, in the very nature of things, are 
bound to create noisy conditions. Study the 
cage proposition and you'll know why— 
you'll know that a noisy bearing is a wear- 
ing, inefficient bearing. 


Finally, the way a bearing is put together— 
the fit of the parts—their dimensional ac- 
curacy or otherwise—the way it is, or must 
be, mounted and assembled—the way the 
parts are retained (all points of design and 
workmanship)—determine whether that 
bearing is going to be noisy or to run quietly. 

Consider now, Neighbor, the "NORMA" Ball 


Bearing from this standpoint of noise or 
silence: 


In the "NORMA" Bearing it is almost impossible 
(except under misuse and abuse) to create 
conditions where sliding friction exists— 


Point One for “NORMA” Silence. 


"NORMA"ball races must be rigidly mounted, 
outer race held tightly in the housing and 
inner race held without any chance of move- 
ment on the shaft. This eliminates all chance 
for vibration between bearing races and 
machine parts—Point Two for "NORMA" 
Silence. 


"NORMA” ball'cages yieldingly hold the balls at 
the extremities of the axis of ball rotation 
with a light elastic pressure and with a very 
small contact surface. Friction between 
balls and cage is minimized and vibration 


here absolutely prohibited—Point Three for 
"NORMA" Silence. 


The parts. of "NORMA" Bearings are uniformly 
made to the highest degree of dimensional 
precision. .This-means absolutely correct re- 
lations of those parts within the bearing— 
perfect freedom of movement without the 
narrow excess of freedom which permits vi- 
bration, or chattering—Point Four for 


"NORMA" Silence. 


And then, the materials used in"NORMA” Bear- 
ings are so carefully selected in the light of 
bearing requirements and _ so. carefully 
treated, as to give maximum resistance to 
every wearing tendency which might de- 


stroy the perfect relation of parts—Point 
Five for “NORMA” Silence. 


Now, let’s get right down to brass tacks! 
> co) 


You want your bearings to last. 
will, if they’re noisy. 


They never 


You probably want them to run at high speed. 
They can’t—for very long—if they’re noisy. 


You want them to run true, and keep align- 
ment and adjustment. They can’t—if they’re 
loose—for that means they’re noisy; which, 
in turn, means they’re wearing. 


What’s the answer? Use “NORMA” Silent-Run- 
ning, High-Precision Ball Bearings. Our 
Engineering Department is anxious to show 
you how. 


THE NORMA COMPANY OF AMERICA 


1799 BROADWAY 


NEW YORK 


BALL, ROLLER, THRUST, COMBINATION BEARINGS 


6 ; RAILWAY? ELECTRICAL ENGIN EE is S| Decempetn 7 te 


REASON 
FOR 
STONE-FRANKLIN 
SUCCESS 


STONE- FRANKLIN CAR LIGHTING 
EQUIPMENT is a complete generating 


station. 


It is built on the same lines and employs 
the same principles as the stationary power 
plant. 


Controlled generator speed puts STONE- 
FRANKLIN into the stationary power 
plant class. 


Mechanically regulated throughout, use ot 
electrical regulating devices is avoided. 


Reliability in service and low maintenance 


Ae Py Ti 3 cost explain its increasing popularity. 
tal rt re = 


Franklin Railway Supply Co. 
30 Church St., New York 


332 So. Michigan Ave. Transportation Bldg. 
Chicago Montreal 
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Master 


"Somewhere on the Road" 


Battery 


Dear Boss: 


Cold here last night. Little sluggish when I gets off the downy couch 
this A.M. Exercised a bit while dressing and soon got up full speed; for like 
the Edison Storage Battery, the severest cold don't do me any permanent injury. 


Tried to connect with the Purchasing Agent. Found he was out. Heard he was 
looking for me though, Rather size it up that the President's "Why aren't we 
using Edison Storage Batteries?" had got down his way. He had left word, however, 
that if I honored him, to wise me that he would see me tomorrow at ten. Will I 


be there? Rather! 


Nothing to do, so dropped down to the station to see my friend, Jim, the Baggage 
Master, Some busy boy that; big convention leaving town, trunks, etc,., some-= 
thing fierce. He was having his troubles getting things off his hands and on 


their way. 


Ah Sid Battery was there on a truck, trying to tell them why their electric bate 
tery trucks weren't on the job, "Jim," says I kindly like, "the answer why 
those trucks of yours aren't tangoing down the platform is simple; it's the same 
old trouble -= bettery trouble, I am not knocking any one," says I, "but just 
for information paste this in your hat. With Edison Storage Battery equipment 
you get what zon want, where you want it, when you want it. The Hdison is built 
for service that's why." 


Then I adds, loud-like, so Ah Sid could get it: "Pickle jars on the tables of the 
diner are all right, but on a truck they certainly do jar one's nerves when the 


busy time comes," 


"Good bye boys," says I."I'll try to get down after supper to see if those trucks 
of yours know today is moving day." 


Air kinder salty here, but salty air don't worry 
Yours for life, 


“Edison Storage Batteries for Baggage Trucks, Industrial 
Trucks, Locomotives and Tractors” is a little book of in- 
terest to the Railroad official who is interested in having 


EDISON STORAGE BATTERY CoO. 
Factory and Main Office: Orange, N. J. 


his trucks always on the go. Battery Bill has mentioned Distributors in 
- 5 : . . = New York Chicago San Francisco eattle 
a few points in their favor, all points are covered in this New % ete 8) OE Ne oe tie yr 


book. Yours for the asking. 
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Motor Starting Switch Condulets 


Iron Clad and Fool 
Proof 


Switch cannot be thrown from 
OFF to RUNNING position 
without first being put into 
STARTING position. 


Padlocks can be used to lock 
the door shut and to fasten 
switch handle, so that it cannot 


be moved from position. 


Type MFC—Door Open 


All parts are constructed to stand up 


under rough usage. 


These Condulets are made for all sizes 
of conduit and for various arrangements of 


Same. 


Special Bulletin, No. 1000 D, has been 
issued on these Condulets. A copy will be 


mailed free upon request to any address. Type MFC_—_Door Closed 


N CROUSE-HINDS COMPANY 


SYRACUSE, N. Y., U. S. A. 


S NEW YORK BOSTON CINCINNATI CHICAGO 
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What Is Accomplished With Half A Watt 


Last month we explained some of the advantages of The E.S.B. Constant 
Voltage Control and emphasized the importance of the accuracy secured by the 
Wheatstone Bridge Field Control of the 


E. S. B. Constant Voltage Axle Lighting System 


This month we will point out one of watchmaker’s implements with that of 
the reasons for this accuracy,—viz.:—that the blacksmith’s tools. 
the 5. -B..3 K. W. generator requires 
a maximum of only half a watt for its 
shunt field excitation. 


Accuracy of voltage control depends 
upon the power required to effect that 
control. | 


Compare this with the large and uncer- In the E. S. B. system this is only half 
tain amount of energy required to com- 4 Watt at the maximum and Jess than one- 
press a carbon-pile or overcome the fric- ‘¢”th, of a watt under normal operating 
tion of pivots, dash-pots, etc., or excite Conditions. 
the circuit of a large electromagnet. It Hence the greater accuracy of the 
is like comparing the accuracy of the E. S. B. Constant Voltage Control. 


More about the E. S. B. System next month 


THE ELECTRIC STORAGE BATTERY | 


Manufacturer o 


The’ Chloride-Accumuiator”, The’ Tudor Accumulator”’, 
The “Exide”, “Wycap=Exide”’, “Thin-Extde” and *flronclad=Exide” Batteries 


New York Boston Chicago Washington PHILADELPHIA, PA. Detroit Denver San Francisco St. Louis 
Cleveland Atlanta Pittsburgh 1888-1916 Minneapolis Rochester Toronto 
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The Art of Electrical Measurement, its perfection 
and its growth, have been associated inseparably 
with this name— 


From the year 1888 to now, each success- 
ive instrument that has borne the name 
has marked the highest achievement in 
the Art. 

At no time has Weston superiority been 
more obvious than in the present models. 


The Weston A.C. Round Pattern Switchboard Group in 
cludes Ammeters, Voltmeters, Wattmeters (Single and 
Polyphase), Power Factor Meters, Frequency Meters and 
Synchroscopes. 

These instruments have points of marked superiority ove: 
any others intended for the same purpose. Besides their 
extreme accuracy and serviceability, they are highly de- 
sirable for their uniformity of size.and style, the openness 
of their scales and their legibility from any angle. 
Weston Indicating Instruments include a great variety 
of groups for portable or switchboard service on A.C. or 
D.C. Circuits, Instruments designed expressly for testing 
and laboratory use, for motor car and boat electrical sys- 
tems, and many others for special purposes. Write for 
Bulletins or Catalogs describing those which interest you. 


Weston Electrical Instrument Co. 93 Weston Ave., Newark, N. J. 
23 Branch Offices in the Larger Cities 


The real test of a pulley is actual service; the 


The quality that wins 


in your service is that which makes for reliability 
and durability. 

Our 35 years’ experience in the manufacture of 
high-grade electric wire, together with most ex- 
acting service tests, gives to 


STANDARD 


Colonial Copper Clad Wire 
30% == C.C.C.m 40% 


a guarantee of quality that removes it from the 
expensive experimental class of new and untried 
products. It stands among copper-clad wires as 
E. B. B. does among iron wires—for extra best 
best in quality. 

Will you allow us to send you the proof? Write 
our nearest ottice for a copy of Bulletin 202. 


Standard Underground Cable Co. 


Pittsburgh, Pa. 


Philadelphia Chicago 
St. Louis 


New York 
Boston San Francisco 


For Canada: Standard Underground Cable Co. 
of Canada, Limited, Hamilton, Ont. 
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Keystone 


severe service that goes with axle car lighting 
equipment. Jolts, jars, and vibration that test its 
ability to grip; that test its dependability when 
snow, sleet and ice hold everything in their grip. 
Railway car lighting experts are agreed that the 


Pulley ‘with Oneida Conugaicd Basti 


is the solution of the pulley problem; for no matter 
whether your axle is straight or tapered, Oneida 
Corrugated Steel Bushings grip at all times, in all 
kinds of weather. Made flanged or flangeless; 
standard 7%4-in. bore; 16-23 in. diameter inclusive. 
Complete details on request. 


Oneida Steel Pulley Company 


ONEIDA N, Y., U. S. A. 
Originators of Steel Railroad 
Pulleys and Steel Corrugated Bushings 


Patented Jan. 8, 
1907, 
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Insures 
Efficient 
Car 
Lighting 


PESieis : 
Your 
Batteries 


In nearly every case where car- 
lighting experts complain about 
lighting troubles, the battery 
is the cause. In other words, 
the heart of the axle generator 
equipment, is the battery; upon 
its efficiency at all times under 
all conditions depends the effi- 
ciency of your lights. To se- 
cure the best results the bat- 
tery must be operated over the 
top range of its capacity. To 
hold it at its top range, to pro- 
tect it from overcharging, every 
axle generator equipment needs 
the 


Nee 


It not only protects the bat- 
tery, but its use insures uni- 
form battery life of 8 to 10 
years in all classes of service 
iInsteaduon letOms years, ds at 
present. Furthermore, its use 
will make battery flushing pe- 
riods once in six months instead 
of once every two weeks. 


Car-lighting experts are agreed 
that troubles have been due to 
overcharging. On over 6000 
car lighting equipments, the 
Amperehour Meter control has 
demonstrated its ability to elim- 
inate damaging overcharges, 
and yet keep the battery in first 
class condition so that it deliv- 
ers over the top range of its 
capacity. 


Let us send a copy of “RECENT IM- 
PROVEMENT IN THE CONSTRUC- 
TION OF AMPEREHOUR METERS.” 


= angamo Electric Company 
cae Uhnois 


Specialists in Meters for Evely Electrical Need 


MT OC 
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Here is a new AMERICAN Steel Split Axle PUL- 
LEY. Its halves—that is, arms and rim—are in a 
single piece and the safety flanges are flared for 
greater belt play. 


AMERICAN sriit AXLE PULLEYS 


are fitted with interchangeable- bushings, which makes them 
instantly available for straight or tapered axles of several 
sizes within a certain range. They can be applied easily 
without removing the wheels from the truck or raising the 
car body. 


of a 


Reflector 


Full information will be sent on request. 


AMERICAN PULLEY COMPANY 
4230-60 Wissahickon Avenue, Philadelphia, U. S. A. 
New York Chicago Boston Seattle 


is in proportion to the 
cleanliness of its re- 
flecting surface. 


The Satisfactory Solution 
of a Pe bUee Problem 


Now comes the 


Human 
Factor 


the natural tendency to neg- 
lect or avoid things difficult 
or dangerous. 


Courtesy of the Illuminating Engineering Society. 


The above illustration shows how the problem of adequate illu- 
mination has been solved in this large shop. Note the excellent 
distribution of the light and the shielding effect of the girders 
which serve to reduce the glare. 


The services of the ELECTRICAL TESTING LABORATORIES 
should prove of service to you in solving your lighting problems 
for shops, depots, offices, freight houses, yards, docks, etc. 


Send for “Testing Service,” a booklet of service to all seeking 
The Satisfactory Solution of Lighting Problems. 
Electrical Testing Laboratories 


20th St. and East End Ave. 
New York, N. Y. 


How to make lamp clean- 
ing Easy and Safe, and GET 
the (OU BEW ) siromes your 
REFLECTORS 


Ask 


The Thompson Electric Co. 


5606 Euclid Ave. Cleveland, Ohio 
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Mount the U-S-L Generator 
on Car Body 
or on Truck as desired 


HE standard U-S-L Axle 
ll seeeets may be 
mounted either on a U-S-L 
Truck Suspension or, by 
means of a U-S-L  body- 
hung or so called “‘under- 
frame’ suspension, directly 
on the car body. 


The U-S-L Body-hung Sus- 
pension embodies every de- 
sirable feature. It embraces 
the spring action, covered by 
our McElroy patent No. 
983,158 issued in 1911, for 
maintaining suitable belt 
tension. 


Those who prefer the body-hung principle for mounting generators 
will be pleased with the design of this new U-S-L Suspension. They 
will find that every problem has been well solved with the fewest pos- 
sible parts and that the construction is right in every detail. 


We make the U-S-L Axle Equipments, comprising generators and 
suspensions, regulators and batteries, complete in our own shop. 
With our first-hand knowledge of what is required to make the units 
work together to their best mutual advantage, we produce an equip- 
ment that will do its work on the smallest power input and stay on 
the job with the least of repairs, attention and expense. 


Our Ampere-Hour Meter control safeguards battery charging. 


Figure on investment, interest and maintenance. With all the con- 
siderations before you, you will conclude in favor of U- S- ee Wermall 
welcome an opportunity to show you. 


U S Light & Heat Corporation 


General Offices and Factory - - Niagara Falls, N. Y. 
R. R. Sales Office: 1403 Railway Exchange Bldg., Chicago 
New York Washington Cleveland Detroit Kansas City San Francisco 
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Anderson Charging Plugs and Receptacles 


Are Standard Equipment On The 
Majority Of Large 
Railway Systems 


Because “Anderson Qual- 
ity’ means Service and 
Saving. And because long 
experience in their design and manu- 
facture, coupled with ¢6- operation of 
users, has produced an Anderson 
Type best” stilted Sto heimmevery, 
requirement. 


Type S, Charging 
Receptacle for At- 
taching to Conduit 


ANDERSON 


Type T, designed for attaching 
conduit to the base of 
mounting. 


Three types shown here. Our cata- 
logues, your catalogues if you wish, 
show many others, all standard with 
the Railway Electrical Engineers. 


ANDERSON 


Put your problem up to Anderson Specialists 
in Electric Railway Light and Power Spe- 
cialties. Let them co-operate with you in 


supplying the receptacle to best meet your Type X, designed for attaching conduit 
aie iY directly to the junction box. 
requirements. 


Complete Information from Our Nearest Office. 


ALBERT & J. M. ANDERSON MFG. CO. 


New York, 135 Broadway 289 A STREET, BOSTON, MASS. 
Philadelphia, 429 Real Estate Trust Bldg. Chicago, 105 So. Dearborn St. 


| 


The Mark of Oliver Quality 


LOOK FOR THIS MARK @ ON ALL TYPES OF ELECTRIC HEAD- 
LIGHT AND TRAIN-LIGHTING REPAIR PARTS. THIS MARK 
STANDS FOR OLIVER QUALITY AND EFFICIENCY. 
FURTHERMORE, WE HAVE SPECIALIZED IN THIS FIELD— 
HENCE IT MEANS A SAVING FOR YOUR ROAD TO USE 


OLIVER MANUFACTURED 


SHAFTS BEARINGS PULLEYS 
BRUSHES ARMATURES COMMUTATORS 
FIELDS SOLENOIDS ELECTRODE-HOLDERS 


OLIVER ELECTRIC & MFG. CO. 
ST. LOUIS, MO. 
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whek Ribte life and contin- 
yous service are essential 


Hedsecilie’ by eminent 
“ engineers. 
The results in service— 


See 


; 35 years are evident in the~ 
/ successful operation AY 


some of the biggest pr ie) f, 


in the country. 
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The General Electric Company manu-— 
factures all sizes and types of-wire, and 
cable for lighting and power service. 


O pany 


Schetiy N. My . 


65 ore 


AAA INA 


16 RAILWAY ELECTRICAL ENGINEER Deceniber 1916 


“Coming 
Into Universal Use” 


“The effect on belt life of the body-suspended axle 
generator which is now coming into universal use is a 
question of intense interest to all railway electrical en- 
gineers who are using or who are contemplating the 
use of this kind of suspension.” 


“The mileage obtained with belts used with the free 
speed machines, where the belt tension is controlled 
with springs, is * * exceptionally:good. * ~*@eE 
we can take these tests as an indication of how the 
body-suspended machines are going a treat their a 
we surely have little cause for worry.’ 


Railway Electrical Engineer, June, 1916 


The “Under-frame” system not only controls—but 


automatically controls—the belt tension by a non-ad- 


justable spring, as shown in the illustration. Don’t 


confuse the adjustable spring belt tension devices used 


on truck-suspended generators and on other types of 


body-suspended generators with the belt tension spring 


of the “Under-frame” system. ‘The former varies its 


operating efficiency with the judgment used by the 


inspector ;—the “Under-frame” is non-adjustable and 


constant in its efficiency regardless of track curves, 


train speeds or weather conditions. It is the elixir of 
life to the belt;—the secret of the long belt life ob- 
tained with “Under-frame” equipments. 


The Safety Car Heating & Lighting Co. 


Chicago Philadelphia 
Montreal 2 Rector Street, New York _ St. Louis 


San Francisco Boston 
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A Ball Bearing of superior quality made from the best grade 
of chrome carbon steel the market affords. 


A design scientifically correct. 


A maximum number and diameter of balls guided by a flex- 
ible steel retainer of ingenius construction. 


Finally, a complete Ball Bearing of those inherent qualities 
that only FAFNIR workmanship can impart. 


THE FAFNIR BEARING COMPANY 


Eee : CONRAD PATENT LICENSEE | oe 
DETROIT, MICH. New Britain, Conn. CHICAGO, ILL. 
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STANDARD TRUCK GENERATOR BODY MOUNTED 


GOULD COUPLER CO. 
GOULD STORAGE BATTERY CO. 


New York Chicago San Francisco 
Works: Depew, N. Y. 


| ST.LOUIS & SAN FRANCISCO | 7 
: CHICAGO & EASTERN ILLINOIS | eae 
5 foe S1 Malad. 2) ame 
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The subscription list of 


RAILWAY. ELECTRICAL . ENGINEER 


the Railway Electrical Engineer 
is divided into substantially the following classes: 


Electrical Engineers 
Chief Electricians 
Shop Superintendents 
Master Mechanics 
Electrical Foremen 


Shop Electricians 


Wiremen 


Electrical Inspectors 

Car Lighting Inspectors 
Batterymen 

Chief Engineers of Power Houses 
Shop Electrical Foremen 


Armature Repairmen 


The subscription price is only $1.00 a year—less than the cost of the 
paper, presswork, binding and mailing. 


NO the ambitious subordinate 
who wants to fit himself for 
a higher position or for 
promotion into the operating de- 
partment, we recommend that he 
subscribe also for the Railway Age 
Gazette. It deals with steam rail- 
way electrification as a unit and 
from the operating standpoint, 
whereas the Railway Electrical En- 
gineer is devoted largely to details 
of construction and maintenance. 
By reading the two papers one 1s 
able to keep in touch with every 
phase of the electrical problems 
which steam railway men have to 
solve. 


A year’s subscription to the Rail- 
way Age Gazette costs but $5.00 a 
year and it includes the four daily 
issues published in connection with 
the annual convention (March) of 
the American Railway Engineering 
Association and the eight daily 
issues that contain the proceedings 
of the annual conventions (June) 
of the Master Car Builders’ and 
American Railway Master Me- 
chanics’ Association. 


Send for a free sample copy of 
the Railway Age Gazette and see 
how fully it covers every department 
of railroading in a broad way. 


Simmons-Boardman Publishing Co. 


New York Chicago 


Woolworth Bldg. 


Transportation Bldg. 


Cleveland 
Citizens Bldg. 


Washington 
Home Life Bldg. 
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BERYLITE 


Bowls and Reflectors 


Our new catalog just completed contains a 
complete description of all Berylite Bowls and 
Glassware, showing many attractive installa- 
tions for both building and car lighting. IF you 
have not received a copy of this big book send 
us your name and address, that one may be 
forwarded to you at once. 


kind ever issued. 


320-326 So. Fifth Avenue 


ELECTRIGMS 


For All Classes o 


Deltabeston WVire | 


for 
Nitros 


A wire designed especially for use 
in wiring gas filled lamp units. Insulated 
with a wall of pure asbestos, thoroughly 
filled with a special compound. It is 
flexible, small in diameter and absolutely 


heat proof. 


See new No. 39 Catalog, page 636. 


Our new catalog which has just been completed contains 
more interesting information regarding special electrical de- 
vices for use by Railroad men than any other book of its 


INQUIRIES AND ORDER 


Central Electric Company 


“The House of Service” 


CHICAGO 


TRADE MARI 


_ ~ MOTOR DRIVEN BLOWERS 
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Cm* 
Insulated VVires sae 
- Cables 


The Standard for 


Rubber Insulation MAXOLITES 


The ease with which Our new Maxolite Bulletin contains 
OKONITE Insulated Wires complete data regarding the new Maxo- 


and Cables meet your test re- lite line, redesigned for use with Mazda 
quirements indicates the quality C Lamps. Contains complete informa- 
of the service you may expect tion regarding Maxolites as well as much 
after installation. interesting illuminating data. 

They never disappoint. Write for Bulletin No. 60. 


We specialize in railway electrical material including Car 
Fans, Car Lighting Fixtures, Train Connectors, Units for 
Signal Service and other items too numerous to mention. 


For information write our Railway Department. 


E SOLICITED 


Central Electric Company 


“The House of Service’ 
20-326 So. Fifth Avenue CHICAGO 
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Shop Lis | ti 


MAKE the last two or more hours of a winter day’s work as efficient as 
the first hour. Correct lighting will do this—by correct lighting we os 
mean the scientific distribution of artificial light by means of ee 


BENJAMIN REFLECTORS —— 


Benjamin Reflectors are especially designed for railroad work. In fact 
there is a Benjamin Reflector for every lighting problem that you have. 
Made of heavy enameled steel, with white enamel reflecting surface and 
: correctly designed, Benjamin Reflectors will meet the most rigid require- 
ments of railway shop service. Our lighting engineers are at your service. 


Benjamin Electric Manufacturing Co. 


120-128 SO. SANGAMON ST. 
Chicago, IIl. 


& New York San Francisco Toronto © 
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“AXLE LIGHT” 


sgpOR LoL: 
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Automatic Ampere Hour 
Control of Battery 
Charging Current 


LAMP 
REGULATOR 


GENERATOR 
OUTPUT ___ 


Battery never discharges except when 
ADJUSTMENT 


standing or running below twenty miles 


SOLENOID | per hour, thus prolonging its life. 


ae Battery is recharged in shortest possible 
AUTO SW time after discharge regardless of whether 


lights are on or off. 
FUSE 


Meter and state of 
charge are kept “in 


step.’ 


-P 


| 


BATTERY 


as 6 


Consolidated Railway Electric Lighting & Equipment Co. 


ADAMS BUILDING, 61 BROADWAY, NEW YORK 
K.ARPEN BUILDING, CHICAGO 
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